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Rigging, Hoisting, and Signaling Practices is an introduction to the physical principles, safety considerations, and 
common practices involved in hoisting loads. This process involves planning a lift, evaluating and preparing a load, 
choosing appropriate rigging equipment, rigging a load, communicating hoisting instructions, and conducting a lift 
safely. Each step is critical to maintaining a controlled lift with a proper margin of safety. This textbook also includes 
instruction on the following critical skills and procedures: 


* signaling a crane operator for desired crane motions 

* calculating load weight 

* determining a load's center of gravity and balance points 

* calculating sling loads 

* inspecting and maintaining rigging equipment 

* comparing equipment ratings for different sling types, sizes, and hitches 
* tying practical knots, hitches, and splices 

* evaluating the mechanical advantage of block-and-tackle assemblies 


When used in conjunction with the appropriate hands-on training, Rigging, Hoisting, and Signaling Practices pro- 
vides a solid foundation of safe material handling practices for a variety of tradesworkers. Further study may lead 
to specialization in rigging and crane operation. 


Chapter introductions 
preview the content to be 
covered. 


SLINGS AND 
SLING HITCHES 


INTRODUCTION 

Slings are the most common method of connecting a load to the hook of a 
crane or hoist Various types of sings may be utilized, based on the specific 
requirements of conditions of a particular lifting operation. A sling maybe | 
constructed of wire горе, chain metal mesh, fiber горе, ое synthetic fibers The | 
expected force an a sing must be determined before selecting the stre and 
type of sling to ensure that Its not overfoaded Various types of hitches con 

be used ta attach a sling to a load. Some reduce the rated load of the slings. 


However they have certain advantages. such as helping to maintain control — | 
ofalced. 


` OBJECTIVES 


List and describe the various materials used to oon struct slings. 
identify the boric rated toad бога irg- 


Objectives identify the main 
concepts in the chapter to 
be mastered. 
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Many cranes ine lode an alanes that will sound if ibe 
Miesagecd ША weight exceeds the емед capacity for tbe 
sure et boves length and ocienution This alarts ewet 
never be ignored. Overboading а crane can damage the 
Noon: vs cause the екіге rebe во tip over, which cen 
познай io iyarte» and peoperty damage 
Level Racine. As а load you farther from the стас 
hase the moment force on the onne jncreasen, At 
some distance, the Joed will cause ihe crans во úp 
oven See Figure I-L. Therefore, the rated capacity 
о/з crane dependa ors the masono lead radius dup 
ing а li The scd nadius ік che мос] distance 
Frown the pivot pial of a сәнде to а polat below the 
teen book, 

repke. a села load located 27 trom the 
(өше mel be moved te а new location 407 away 
Some the farther distance reducer the rated capacity ol 
the crane, it deke rune the азлап allowable head 
washi for the eshte БА The crane s rated capacity 
тәу ke 20 tat IF, but әзіз 60% м 07 Therefore, tbe 
жалынам load (oe this particular lf iv only 601. 


VES MOMENT FORCE 


% 


I shold be noted, however, that the greatest radius 
mày be at any улы in the A, Û фе load musi be ex 
tended cux to a radius сі 507 during the Ші. such ma te 
ovo) 46 obwtacle, before reaming № а redius ol 40 
thea thet fainter distance should be ured to detecmine 
the masimu 105 Анн 
The toad radius i» dotermined by the bovar angle 

and boom length Boom angle is the angle between Че. 
boronsal plane and the boom. Greater boom angles 
result i а кесе working radius and а higher mrd 
mapacity (if the bonm lengsh remains the same) As а 
мхм ie how cred toward the honacaal. the load tales 
increases, but the rated capacity decreases. Ben kogt 
also. changen the had radno. Sev Figure 2-14, 


қолай ты каты 24 Tongue Жал екін 

чену а route an ject sund 

Dre Latte Maren br ven thane 

| to tema whan nalin fren с сост Bui for 
| Gung spphcatons ну аерам seem xu 


MORE MOMENT cet 


Do 


умен 2-13 AS а DAS movu Iarthar out Irom tho crane, Ne төтті (teeing) force ого, ano can өкше лазу cause. 
Fe care © povar 


24 RIGGING HOISTING and SIGNALING PRACTICES 


Coanterweights caa be added to, or removed from. 
the cease to change the crane s cated capsciny, Addi 
bosa counter ghts acrea the rated capacity. How 
ever, hus is eBective caly vc a point, as increaring tbe 
namber of cunterweights beyond the recommended 
Шева ран excessive stress on the crane platform and 
increases tbe weight of the crane, eking а raore Likely 
to wank into the ground. 


Outrigger. An outrigger is а stracie tia extends 
ut from the platform of а mobile crane and coptacts 
We ground wih зімде pad See Figure 2-16. Ав 
roter increases the effective footpriat of a crane 
which makes upping lem likely. 11 also reduces the 
pressure а cruce exero co ihe ground by incroesing 
+ ылас conimct. 


Figure 2-16 Ouiaggers ineroaso ing ораг! of & cran 
mang Ч more static arc тутового па rated capacsty 


Oumage are hydreslically operated and thua they 
сал raise the body of a crane so that ıl is supporied 
only by the ouiigger pads This ensures full, even 
cootsct with the ground. Qurrigge cffectivencrs con 
be improved, particularly on вой ground, by placiag 
larger plases or timbees under the pada 

Mobile ceaocs may «ac ал “oa rubber" set of rated 


capacities for hoisting end travelling with loads when 
the crane s on Из ures only. When performing these 
types of operations, the boom typically most be 


Application and equipment 
photos supplement text and 
illustrations. 


ampula range The tered capacity for hus sorkigueation 
ıs gmificantly lower than for most offer operations 
Growed Stability, When poridoniag a crane or in 
omrigser, the sibility sad integrity of the ground 
under the ставе is critical, А crane should never be 
pow boned over voida, chambers, or piping that might 
collapse under sta weight. Unstable soi) caused by 
umproper compact on, wster inSlerabon, or excessive 
slope can give way, causing the crane to collapse. A 
thorough ale rorvey should be condacted prior to 
deciding opan the placement of в crane im order to 
avoid безе hazards 

Bowen Direction. The direction of the boca in rele 
ton to the platform feris stability because cranes 
are typically nox әз wide ax they are long. The rated 
capacity of a crane is typically tees when tbe boom is 
ower the vide of the crane than when itis over the rear 
of [ran These areas in whieh a crane can operate аге 
known a “quadrants of operation." See Figure 2-17. 
Outriggers compensate for this difference to some 
degree because they typically extend from the siden 
of tbe crane. making the footprint wider. However, 
а ставе capacity дау still be somew hai reduced 


Moving Loads Horizontally [7] 
During а lift, itis common to wove a 

ood boracotally. This œ dooc easily 1 
with industria) and tower cranes, but | ВИСТЫ 


fhe angled-boom decigas of mobile senda toad 
erases make this movement more мебу 
complicated, Changing the boomange ER 
moves te losd horizcamily, but also 

vertically, which may noi be denicable 


Bae canes дси беже cand ғ. бе лр «өт» cane ution oF 


Detailed, full-color 
illustrations depict principles 
and common applications. 


10 MAUNG HOISTING, and SIGNALING PRACTICES 


Depending on the «ae sod type, cranes are operated 
from a cob, pendant pushbunon station, се warele n control 
box See Figure 1-9. A cob is а compartment or platform 
stared и спале oo which an среза ndes А pendant 
i a control unit thas hangs down fren the bouts of smaller 
lndostral cranes Ths pendant iocludes buttons endíor 
witcher used so contre the direction nad speed ofthe ver- 
Das crane movements А wireless control bos is а control 
мем conneced wielesily io n crene or см. 


Figure 24. Large cranes aro typically oporalsd trom inside. 
в cab, WIE smaji renes 679 (picaty openilad тол a 
contrai gendart Mat hangs down tror the oom or nass 


‘Depending on the nze aod circumvances of the lih, the 
crane operator may Work with oiber pervconel (o ensure 
Ghat тис and proper procedures ore followed. Lifting 


Factoids provide supplemental 
information related to the 
chapter topics. 


тау be performed сају after the opeestor ensures that з 
rigging, boning, and crane components are within spect 
fications. Rigging perwonaet arc ia charge of daermuning 
the appropriate пара type, cxlcalating weighn acd 
expocities, and selecting the proper equipiocot. Riggers 
d signalpervona support Ње crane operaio in placing 
the Jit book and directing the Toad evel. 


General Lifting Procedures 


Exact Айыл procedura vary depending on the particu 
ler cireuowbmces, bul several genera! rolex apply. A lift 
should never be aurropted if the load is beyond the raed 
cxpacines of any of the rigging, lifting. or crane compo 
nents. Once the boisi iv brought directly over the loads 
center of gravity, the rigger should check that no lines or 
chains are twisted, overwrapped. oc unseated. The rigger 
thon connects the rigging to the book and casares thal the 
book laach i fully closed. 

The boak is raised slowly шаві all slack ix removed 
froen the rigging See Figure 2-10, The load ix then lifted 
slowly өліні qx clear ofits zopports und checked for bal- 
are asd stability. Crane movements should always te 
amooth mad gradaal to avoid shock loading. Shock load- 
ing in the abrupi application of forse te an object, Shock 
loading aod jerky crane movements can caise the load 
то awing and/or shift, potting extra ztress со the ringing 
or impoering oder equipment 


Fire 2-10, Ал crane ORs aro potantany Гуса" 604 stus- 
tion ^t requiro ately equipment ang procedures, 


QR codes within and at 
the end of each chapter 
enable quick access to 
digital resources from 


mobile devices. A short 
website address with item 
codes provides easy access 
from computers. 


teotercd over the (sont of the crane within а narrow | heme ainge 


Rigging, Hoisting, and Signaling Practices includes a variety of digital resources as enhancements to the textbook 


content. These learning tools reinforce and assess comprehension. 


ft Home 


* Quick Quizzes™ provide an interactive review of key topics covered in each chapter. 
* The Illustrated Glossary defines terms and includes links to selected illustrations. 
* Flash Cards provide a self-study/review tool for identifying the following: 


- important terms and definitions 
- common rigging hardware 
- types of crane motions 


Quick Quizzes ™ 


Illustrated Glossary 


Flash Cards 


Crane Hand Signaling Quiz 


Media Library 


Intemet Resources 


- standard hand signals for directing crane motions 


- practical knots, hitches, and splices 


* The Crane Hand Signaling Quiz tests knowledge of hand signals required for specific crane motions. 
* The Media Library contains video and animation collections of the following critical skills: 


- demonstrations of proper crane signaling 


- instruction on the proper formation of important knots, hitches, and splices 


* Internet Resources provides access to additional technical content and a list of Internet links to manufacturer, 


organization, government, and ATP resources. 


Using Quick Response (QR) Codes 
Quick response (QR) codes, located at the end of each chapter and in selected locations throughout the textbook, 
provide easy access to related digital resources. When scanned by a compatible app on a mobile device, a code 


is translated into a website address for digital content, which is then displayed on the device’s browser. To access 
content using a QR code, follow these steps: 


1. Download a QR code reader app to a mobile device. (Visit atplearning.com/QR for more information.) 
2. Open the app and scan the QR code on the book page. 
3. Instantly access the digital content. 


For easy access to the same digital content on other computers, visit qr.njatcdb.org and type in the associated 
four-digit code. This method can be used when it is not possible to scan the code image. 


Quick Quizzes ™ 
illustrated Glossary 


Flash Cards 


Crane Hand Signaling Quiz 


Media Library 


Intemet Resources 
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INTRODUCTION 


Hoisting is а common and often critical part of many different industries. It is 
also a potentially hazardous activity, so all personnel involved must be well 
trained and experienced. These personnel include crane operators, riggers, 
signalpersons, and any auxiliary personnel needed to assist with the operation 
and ensure the safety of all involved. Knowledge of the relevant regulations 
and standards is required for all involved personnel. Certification in these 
qualifications may also be required. 


OBJECTIVES 


* Compare the hoisting requirements for different industries. 

* Describe the unique aspects of personnel hoisting. 

* Describe the major safety considerations of hoisting activities. 

* Listthe major regulations and standards related to hoisting activities. 

* Explain the importance of understanding OSHA personnel definitions and 
rating terminology. 

Explain how to acquire certification through training and examination. 
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HOISTING IN INDUSTRIES 


Hoisting is the transportation of a load by a crane or hoist. 
This is also commonly called lifting. A load is an object 
that must be transported via hoisting. See Figure 1-1. A 
crane or hoist is attached to a load by means of rigging. 
Rigging is the assembly of components that connect a 
load to the lifting hook of a crane or hoist. A /ift is one 
complete set of hoisting actions performed by workers 


who transport a load from a starting point to a destination. 
Hoisting activities are performed in a variety of industries. 


Figure 1-1. Hoisting is a method of transporting a load with 
a crane or hoist. Rigging is used to attach a load to a crane 
or hoist. 


Construction 


The most obvious application of hoisting is in construc- 
tion. This is likely because it occurs primarily outdoors, 
where it is a visible activity. Cranes are used during all or 
part of the construction of almost any structure, including 
homes, commercial buildings, bridges, towers, factories, 
and even large ships. Cranes are used to offload construc- 
tion materials from delivery vehicles, transport materials 
around a job site for fabrication or processing, and set 
finished components in place. 

Hoisting applications in construction span a significant 
range. Some lifts are small, simple lifts of a few hundred 
pounds, while others are extremely heavy and complex 
lifts involving hundreds of tons. The largest types of 
cranes are typically used for the construction industries. 
See Figure 1-2. Cranes may have the footprint (area) of 
a large warehouse or the height of a skyscraper. 

The personnel involved in construction-related hoist- 
ing require extensive training in safety and operations. 


Each lift may be different, so they must be able to 
easily adapt to different loads, crane types, and hoist- 
ing procedures. Also, given the relatively large scale 
of most construction hoisting, multiple people are 
usually involved, each directing a certain aspect of the 
operation. Separate training and/or certification may 
be required for each job. 


го wat © fant 


Construction Hoisting 


Figure 1-2. The most obvious, and often the largest, ap- 
plications for hoisting are in construction. 


Industrial Operations 


Hoisting may be part of the normal sequence of opera- 
tions for an industrial process. See Figure 1-3. For ex- 
ample, the assembly of large equipment and machinery 
requires hoists and rigging to hold and position the major 
components. Also, factories often handle raw materials 
in such large quantities that hoists are needed to move 
the containers around the facility. It is likely that every 
major industry includes applications for hoisting equip- 
ment, materials, or both. 

The cranes and hoists involved in industrial opera- 
tions are typically permanently installed, and many are 
indoors. Some are built into the structure itself, requir- 
ing integration during the building’s construction, while 
others are mounted to floors or walls. 

Hoisting in industrial applications typically consists 
of the same actions completed on a regular basis. For 
example, a factory’s crane may unload a train car load 
of crates every day. For this reason, some cranes may 


be robotic or controlled semi-automatically to perform 
the same set of motions repeatedly. The technical details 
of the rigging arrangement and load travel are already 
determined. If a crane is operated manually, the person- 
nel involved are typically well trained for the particular 
hoisting task required but may not be qualified for other 
hoisting applications. 


Industrial Operations Hoist 


Harrington Hoists, Inc. 


Figure 1-3. Hoisting is used in industrial operations when 
loads are too large or awkward to be handled manually. 


Maintenance 


Hoisting is also used for a variety of maintenance activi- 
ties, such as relocating equipment or materials, removing 
sections of equipment for maintenance or cleaning, or 
replacing equipment. For example, a motor that needs 
to be repaired may be hoisted from its mount and moved 
to a work area to be serviced. See Figure 1-4. 

This type of hoisting is typically performed by a facil- 
ity’s maintenance personnel. They typically use portable 
cranes, such as those on A-frame-like structures, that 
can be wheeled to where they are needed. This type of 
crane can hoist the load and then transport it laterally. 
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Maintenance Hoisting 4 


Figure 1-4. Maintenance personnel use hoisting techniques 
and equipment to help install, repair, and replace equipment. 


Maintenance needs for hoisting can vary widely, 
so personnel must be well trained to handle many dif- 
ferent situations. They must be able select the correct 
rigging components, connect a load properly, and hoist 
a load safely. However, most loads are likely to be 
small enough that one or two people can perform the 
job. If there are large lifts that require greater prepara- 
tion, additional personnel or outside contractors may 
be necessary. 


Arena/Trade Show Rigging 


There is also a significant usage of rigging and hoist- 
ing in various entertainment fields. This type of work 
is known by many names, including arena rigging, 
trade show rigging, convention rigging, theater rigging, 
and entertainment rigging. It encompasses all types of 
work involved in temporarily suspending objects from 
overhead structures in these venues. See Figure 1-5. For 
example, banners and other signage are often suspended 
over booths at trade shows, and lighting and stage com- 
ponents are suspended over theater stages. This type 
of work involves precise placement and orientation of 
loads, temporary connections, indoor and outdoor work, 
and visual appearances. Arena/trade show riggers must 
be specially trained and certified for this type of work. 
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Arena/Trade Show Rigging _ 


Madison Burnett 


Figure 1-5. Rigging for arena and trade show venues is 
used to temporarily suspend signage, lighting, and other 
items from overhead structures. 


The loads hoisted by arena/trade show riggers tend to 
be smaller and lighter than in other fields, but there are 
special considerations that are unique to this type of rig- 
ging. First, some loads require electrical power while sus- 
pended, so riggers must plan for and facilitate the routing 
of appropriate power to load locations. Second, suspended 
indoor loads affect the flow of air through the spaces they 
occupy. Building HVAC specifications must be considered 
to ensure that proper airflow is maintained. Also, loads 
suspended outdoors are exposed to weather conditions, 
perhaps for weeks. The rigging must be designed to with- 
stand wind and rain without damaging either the load or 
the supporting structure. 


Personnel Hoisting 


Cranes are also used to hoist personnel in a bucket or cage, 
usually for one of two reasons. First, workers may be de- 
livered to their work areas, such as underground or onto 


elevated levels of a building under construction. Second, 
workers may be positioned at an elevated location that 
requires manual work. These workers stay on the crane 
until the task is completed. 

Hoisting personnel is different from hoisting loads. 
An additional and extensive set of safety regulations are 
applied, and special training is required. While hoisting 
loads involves some risk to personnel on the ground, the 
risk to hoisted personnel is far greater. Any failure of 
the rigging or crane brings the immediate risk of death 
or serious injury to those personnel. Also, the actions 
of the hoisted personnel can be an additional hazard to 
both themselves and those on the ground. For example, 
workers may forget to attach their safety lines, or tools 
and equipment may be more likely to fall when used. 

For these reasons, many hoisting publications and 
training programs treat hoisting personnel as a separate 
and advanced topic. Proper instruction and testing must 
be completed by those involved in hoisting personnel, 
often after suitable training in basic rigging, hoisting, 
and signaling practices. 


SAFETY 


Rigging and hoisting activities have a long history, and 
the related safety practices have evolved significantly over 
that time. Initially, experience along with trial and error 
led to rules of thumb, which were passed on via formal 
and informal peer-to-peer training. Over time, the safety 
of rigging and hoisting has advanced to being scientific 
in approach. Modern safety practices have dramatically 
decreased the rates of accidents and fatalities, yet too 
many still occur due to unsafe conditions and acts. 


Job site conditions may require rigging personnel to work at a height 
or some other location with a fall hazard. Fall protection equipment 
and practices may be required. 


Hazards 


While the most obvious hazard is being struck by a fall- 
ing object, crane-related accidents cause many different 
types of injuries. Common accidents involve falls, contact 
with electric current, and being caught between parts of 
a crane or between a part of a crane and another object. 
Transportation and material handling accidents involving 
cranes also contribute to worker injuries and deaths. Even 
using manual- or power-operated hoists that are not part 
of a crane carries a significant hazard potential. 

The potential for damage to equipment, or injury or 
death to those involved or to bystanders, is a very real 
possibility in many scenarios. Furthermore, it is pos- 
sible to successfully complete a lifting operation only to 
have a serious accident occur due to incidental slipping, 
falling, or improper material handling. A comprehensive 
approach to safety should be taken by all workers in every 
aspect of their employment, especially when dealing with 
rigging and hoisting duties. 


Personnel Training 


Many safety practices are simply common sense. Keeping 
the workplace clean and looking out for easily recogniz- 
able hazards is a good starting point. However, the com- 
plex situations and operations present in hoisting tasks 
require special training in order to identify and avoid po- 
tential hazards. Safety awareness and training programs, 
along with job site evaluation and enforcement, can help 
establish a high level of workplace safety. Ongoing ef- 
forts in training, employing new techniques and materials, 
and assessing outcomes can help maintain safety. Even 
veteran workers may require additional training to deal 
with the safety issues presented by new tasks. 

Newly trained personnel typically have a greater 
awareness for potential safety issues but may lack the 
field experience to develop effective solutions. Experi- 
enced personnel have a tendency to rely on established 
procedures, but these procedures may no longer be ap- 
propriate. Achieving a balance of up-to-date technical 
training and practical field experience can be a challenge 
for employers and employees alike. Combining ongoing 
technical study and hands-on field exercises help provide 
personnel with the skills needed for specific job tasks. 

Personnel engaged in rigging, hoisting, and signaling 
activities must be qualified, but federal regulations leave 
it to employers to determine a person’s qualifications. 
Most rely on third-party organizations to administer 
standardized training and exams and certify that the 
student has mastered a minimum skill level. 
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Equipment Safety 


Regular inspection of all rigging equipment must be part of 
a safety program. There are general guidelines for perform- 
ing frequent and periodic inspections for the most widely 
used rigging equipment. However, it should be kept in 
mind that equipment manufacturers may have inspection 
requirements that are specific to particular types of equip- 
ment. It may be necessary to consult a manufacturer's 
service manuals to inspect and service some equipment. 

The installation and use of specialized rigging and 
hoisting equipment may also require workers to consult 
a manufacturer's installation and use instructions. These 
instructions should be followed in lieu of the general 
safety procedures provided in safety standards, provided 
that they do not conflict with the standards. 


Lift Planning 


Lift planning is a critical part of a comprehensive rigging 
and hoisting safety program. Many poorly planned jobs 
have resulted in catastrophic failures, damage to equip- 
ment, and injury or death to personnel. 

Every lift should be planned beforehand, regardless 
of how simple it seems to be. First, the overall hoist- 
ing operation must be considered, including where 
and how the load will be unloaded, stored, moved, 
and hoisted into place. Second, a list of needed rig- 
ging and material handling equipment should be 
compiled. All equipment should be procured prior to 
material handling and hoisting activities so there are 
no delays that might encourage makeshift solutions. 
Finally, the difficulty of the lift should be evaluated 
along with the skill levels of the personnel involved. 
Complex lifts may require additional training or more 
experienced personnel. 


FACE Program 


Regrettably, despite numerous safety regulations and 
programs, accidents still occur, and some are fatal. Every 
day in the United States, an average of 16 workers die 
as a result of workplace accidents. These incidences are 
investigated to determine the cause of each accident and 
to recommend strategies to avoid similar problems in the 
future. This information is used to continually update 
and improve safety regulations and standards. Some 
reports are also made available publicly so safety profes- 
sionals, industry leaders, contractors, and workers can 
recognize similar weaknesses in their safety programs 
and quickly remedy them. 
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One source of this information is the Fatality Assessment 
and Control Evaluation (FACE) program, administered by 
the National Institute for Occupational Safety and Health 
(NIOSH). The FACE program targets accidents in con- 
struction and related industries. On-site investigations are 
conducted to collect facts and witness observations from 
accidents, which are compiled into comprehensive FACE 
reports. See Figure 1-6. Researchers use this information 
to identify new hazards, which may suggest 
the need for new research or prevention 
efforts or for new or revised regulations to 
protect workers. The individual reports and 
interpretive publications are disseminated to 
relevant audiences and are available online 
through the NIOSH home page. 


FACE Program 
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REGULATIONS AND STANDARDS 

Many government agencies and independent organiza- 
tions help ensure safe work environments by developing 
rules regarding safety equipment and procedures. Some 
rules are mandatory, and some are voluntary. A regula- 
tionis a rule made mandatory by a federal, state, or local 
government. À code is a collection of regulations related 
to a particular trade or environment. 


OSHA Regulations 


In the United States, the Occupational Safety and 
Health Administration (OSHA) is the federal agency 
charged with ensuring workplace safety. OSHA de- 
velops and publishes Title 29 of the Code of Federal 
Regulations (CFR), which is the section that covers 
workplace safety. 

Sections 29 CFR 1910 and 29 CFR 1926 apply to 
general industry and construction respectively and are 
the most widely referenced workplace safety standards. 
Additional OSHA regulations apply to specific indus- 
tries, such as shipbuilding or agriculture. Also, the 
OSHA 1926 construction regulations often reference 
information in the 1910 general industry regulations 
that deal with specific safety requirements. 

Rigging and hoisting personnel must be familiar 
with all relevant OSHA regulations, which include not 
just rigging and hoisting but also material handling 
and storage, tools, signs, signals, and barricades, at 
a minimum. See Appendix. Fall protection and other 
personal protective equipment (PPE) are also areas of 
OSHA regulation that may be required in the course 
of performing rigging and hoisting operations. 
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Fatality Assessment and Control Evaluation on (FACE) Program 


38-year-old Stevedore Fatally Injured After Being Struck 


by the Boom of the Mobile Crane on Site 


NIOSH In-house FACE Report 2001-03 


Su mmary 


In-house Case Report _ 


On December 14, 2000, a 38-year-old stevedore (the victim) was fatally injured while working at a 
river-port materials handling facility after being struck by the boom of the mobile crane on site. The 
victim and a coworker had been previously lowered from the dock level via a crane-suspended 
personnel platform, and landed on a barge. After they had disembarked from the paeme platform, 


the port manager, who was operating the crane, began tobe 


Figure 1-6. Fatality Assessment and Control Evaluation (FACE) reports are widely available so others can develop regula- 
tions and change procedures in order to prevent similar accidents from happening. 


«Әз ulations are the minimum requirements 
I ] employers are free to 
require employees to conform to more rigorous stan- 
dards. Many employers and industry 
groups have developed their own safety 
standards and procedures to address 
specific problems within their industries 
and may require specialized training for 
those performing certain duties. 


Regulations and 


OSHA regulations describe the re- Standards 
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prescribing how any given task should 

be accomplished. Frequently, there are a number of 
ways to perform tasks safely, and additional, relevant 
safety standards can provide direction on specific safety 
practices. 


Standards 


A standard is a collection of voluntary rules developed 
through consensus and related to a particular trade, 
industry, or environment. Standards are developed and 
published by the members of standards organizations, 
often industry-specific, which periodically review and 
refine the rules in the standards. Standards themselves 
have no authority unless they are adopted by a federal, 
state, or local government as regulations. Then they 
become mandatory and enforceable by adopting that 
government unit. 


ASME B30 Standards. The American Society of 
Mechanical Engineers (ASME) is one of the primary 
coordinating entities for standards development for 
rigging and hoisting. ASME standards deal with 
specific requirements for the selection, inspection, 
and utilization of cranes and material handling 
equipment. These requirements are referred to as 
the B30 Standard, which contains 29 subparts. See 
Appendix. These standards are updated periodically 
in order to incorporate new knowledge, equipment, 
and techniques. Generally, the most recent version of 
a standard should be used. 

Some subparts are only relevant to specific situa- 
tions, but others are the basis for most rigging safety 
and training requirements. The most commonly refer- 
enced subsections of the standard for everyday rigging 
tasks include the following: 

• B30.5 Mobile and Locomotive Cranes 

е B30.9 Slings 

е B30.10 Hooks 

е B30.12 Handling Loads Suspended from Rotorcraft 
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B30.16 Overhead Hoists (Underhung) 

* B30.20 Below-the-Hook Lifting Devices 
* B3021 Manually Lever Operated Hoists 
* B30.26 Rigging Hardware 


ASSE A10.42 Standard. Another relevant standard, 
published by the American Society of Safety Engineers 
(ASSE), is ANSI/ASSE A10.42 Safety Requirements 


for Rigging Qualification and Responsibilities. This 


standard, which pertains to construction and demoli- 
tion operations, deals with personnel qualification and 
training as well as the performance requirements for 
riggers under normal and critical operations. 


DOE STD-1090 Standard. The U.S. Department of 
Energy (DOE) publishes DOE STD-1090 Hoisting and 
Rigging. This document provides guidelines for hoist- 
ing and rigging operations within power generating 
stations in the United States. A unique feature of the 
DO) is that it requires all lifts to be catego- 
rized as ordinary, critical, ا‎ production, 


_ or personnel before the lift is planned and executed. 


The systematic approach used in this standard can be a 
valuable tool not only in the power-generating industry 
but also for lifting operations in other industries. 


Airfloat 


j 


Rigging and hoisting jobs often include material handling tasks in order to 
move loads horizontally to locations where they can then be rigged for hoisting. 


Terminology 


When dealing with both enforceable regulations and a 
potentially hazardous field, such as hoisting, the termi- 
nology used and its specific meaning becomes critical. 
Without a clear understanding of certain words, even 
a simple task can be dangerous. 
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OSHA Personnel Definitions. OSHA regulations fre- 
quently require that certain duties be performed by either a 
competent person, a qualified person, or in some cases by a 
person who is deemed to be both competent and qualified. 
A competent person, according to OSHA, is "one who is 
capable of identifying existing and predictable hazards 
in the surroundings or working conditions which are un- 
sanitary, hazardous, or dangerous to employees, and who 
has authorization to take prompt corrective measures to 
eliminate them." A qualified person, according to OSHA, is 
“опе who, by possession of a recognized degree, certificate, 
or professional standing, or who by extensive knowledge, 
training and experience, has successfully demonstrated his 
ability to solve or resolve problems relating to the subject 
matter, the work, or the project." When reviewing OSHA 
requirements, one must keep these definitions in mind and 
ensure that the proper personnel are involved in a task. 


Rating Terminology. Despite the extensive body of 
regulations and standards covering rigging, hoisting, and 
signaling practices, there are still inconsistencies through- 
out the industry in at least one area. There is significant 
variation in terminology for the amount of force that a 
component may be subjected to and still maintain the ap- 
propriate margin of safety. No single term stands out as 
an industry standard, though “rated load” is used by many 
ASME standards for rigging components. Also, there is a 
slight preference among crane and hoist manufacturers for 
"rated capacity." Other common terms include “load rat- 
ing,” “load capacity,” “weight rating,” “weight capacity,” 
“working load limit (WLL),” and "safe working load." 
See Figure 1-7. These terms all have the same definition 
and, when encountered in the field or in publications, can 
be treated as equivalent. 

Personnel should note, however, that “breaking 
strength,’ also known as “ultimate strength,” has a very 
different meaning. Breaking strength is the force under 
which the component is expected to fail and must never 
be used as an allowable sling or equipment load. If ever 
in doubt regarding the meaning of a similar term for a 
rigging component, workers should always consult with 
the manufacturer. 


There is no single rigging, hoisting, and/or signaling certifica- 
tion that is universally accepted by the industry. A challenge 
for personnel is that credentials from one certification orga- 
nization may not be accepted by all employers. 


Rating Terminology | 
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Figure 1-7. A number of different terms, or no term at all, 
may be used to describe the safe amount of force that can 
be applied to a rigging component. Personnel should be 
aware of the variations and understand that they have the 
same meaning. 


CERTIFICATIONS 


The OSHA 1926 Subpart CC regulations require train- 
ing and certification for crane operators. Some state 
and municipal governments and companies also require 
certification for riggers. In accordance with the ANSI/ 
ASSE A10.42 standard, qualified riggers must also be 
trained in giving hand signals, since they often have to 
act as both rigger and signalperson. 


There are a number of third-party organizations that 
provide training in each of these areas. Many also have 
certification programs for documenting the qualifica- 
tions of rigging, hoisting, and signaling personnel. 
Some governmental bodies also administer rigger 
certification programs and issue licenses. Employers 
may dictate which organization’s certifications meet 
the needs of their safety program, or they may conduct 
their own training programs and issue credentials 
instead of or in addition to outside certifications. Pe- 
riodic refresher training and recertification may also 
be required. 


Exam Preparation 


Certification typically requires passing both a written 
exam and a practical skills test. Some individuals may 
opt to take the exam soon after the training program, 
and others may wait weeks or months, if this is an op- 
tion. The extra time can be spent studying and possibly 
gaining some on-the-job exposure to the exam topics, 
such as by assisting a qualified person. 

Exam preparation should begin by learning as much 
as possible about the certification. Students should re- 
view the prerequisites and ensure that they qualify for 
the exam. The certification should be the right one for 
the student’s position and experience. Students should 
research both the employers who accept this certification 
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and how widely recognized and accepted the certification 
is compared to others. It may be helpful to speak with 
individuals who have this and similar certifications. 

Next, students should review the outline of the 
exam, which typically lists the topics covered by the 
exam, along with the number of questions on each 
topic. Exams vary depending on the certification or- 
ganization, but most organizations should provide a 
general overview of the exam format. Students should 
note the differences in the written and practical com- 
ponents, the method of testing (for example, paper- 
and-pencil versus computer), time limits, whether 
unanswered questions will be counted as wrong, and 
the passing grades. 

The rules for retaking the exam should be reviewed 
in case of failure. There may be a minimum waiting 
period before the exam may be retaken. Also, some or- 
ganizations require the entire exam to be retaken, while 
other organizations allow students to retake only the 
sections not passed, such as the practical component. 

The certification organization may provide a list 
of recommended study materials for the examination. 
Students should use training and study materials to 
review all tested topics. Students should also study the 
material over time and complete the review several days 
before the exam. When the time comes to take the exam, 
a student following these and other general test-taking 
strategies should be well prepared. 
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INTRODUCTION 


Many different types and sizes of cranes are used for lifting. Some cranes are 
primarily used for construction work, while others are used for material han- 
dling and on-site equipment maintenance, repair, and replacement. Regardless 
of the type, size, and application, however, many aspects of crane operation, 
dynamics, and inspections are similar. Also, as cranes and lifting operations 
involve many potential hazards, safety equipment and procedures are critical. 


OBJECTIVES 


“ Compare the designs, operations,and applications of various types of cranes. 
* Identify the general procedures and personnel involved in operating a crane. 
* Describe the primary factors that affect the rated capacity of a crane. 

* Identify crane dynamics that affect lift safety and describe how to com- 
pensate for them. 

Describe the general types of inspections involved in maintaining cranes. 
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CRANE TYPES 


A crane is a combination of a hoist and a structure used 
to support and move a load. Dozens of different designs 
are available, with each type adapted to a specific purpose, 
though only a few are common in construction and indus- 
trial settings. Industrial cranes are permanently installed 
and intended for long-term use. Mobile cranes can be 
brought to a job site temporarily for a relatively small 
number of lifts. Tower cranes are semipermanently in- 
stalled for the duration of a very large construction project. 


industrial Cranes 


An industrial crane is an indoor crane with permanent 
structural beam supports. Industrial cranes are typi- 
cally installed in a factory, warehouse, or other type of 
industrial space and are used to move materials and 
machinery, usually as part of normal operations or 
maintenance activities. These cranes are composed of a 
hoist that can travel horizontally on a long beam that is 
supported by other structural members. Industrial cranes 
are generally classified based on the type and design of 
the supporting structural members and include gantry, 
overhead, and jib cranes. 


Gantry Cranes. A gantry crane is an industrial crane 


composed of a hoist trolley that travels along a hori- 
zontal bridge beam supported by a leg assembly. See 
Figure 2-1. A trolley is a wheeled assembly that travels 
horizontally along a crane beam or boom. A trolley typi- 
cally acts as a base for mounting a hoist, providing one 
direction of horizontal travel for a load. 

Some gantry cranes are affixed to the floor, but many 
are moved using end trucks. An end truck is a roller 
assembly consisting of a frame, wheels, and bearings. 
The end trucks of large gantry cranes often travel back 
and forth on floor rails. Floor rails are small-gauge 
rails that are recessed into, or set on top of, the floor 
surface. Between the trolley movement and the crane 
movement, the hoist can travel in two directions, which 
allows it to reach any spot within a rectangular area. 

A traditional gantry crane design has two sets of legs 
supporting the ends of the bridge beam. These double- 
leg gantry cranes run on two parallel floor rails. How- 
ever, if a gantry crane is to be installed along a straight 
wall, the design can be modified to use the wall as one 
of the supports and a single-leg assembly as the other. 
This is done by fixing a beam to the wall to serve as an 
overhead crane rail. This type of crane is known as a 
single-leg gantry crane. 
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Figure 2-1. Gantry cranes consist of a hoist on a horizontal 
beam that is supported by a leg assembly. 


Smaller double-leg gantry cranes that have wheels 
but do not run on a track are also available. This design 
allows the gantry crane to be moved easily across any 
flat floor surface to where it is needed. 
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Overhead Cranes. Ап overhead crane is ап industrial Jib Cranes. A jib crane is an industrial crane composed 
crane composed of a hoist trolley that travels along of a hoist trolley that travels along a horizontal boom, 
a horizontal bridge beam, which travels along a pair which is supported by a single structural leg. A boom is 
of overhead runways. See Figure 2-2. An overhead a long beam that projects from the main part of a crane 
crane’s reach is anywhere within a rectangle defined in order to extend the reach of the hoist. 


by its horizontal lengths of travel. Overhead cranes 
are also known as bridge cranes. An overhead crane is 
very similar in operation to a gantry crane. The primary 
difference between the two is the replacement of floor 
rails with overhead runways. 

Overhead cranes use different arrangements for 
how the trolley travels on the bridge beam and how 
the bridge beam travels on the overhead runways. See 
Figure 2-3. A top-running hoist is installed in a trol- 
ley that travels along rails on top of a pair of bridge 
beams. With an underhung hoist, the hoist trolley 
travels on the upper surface of the lower flange of a 
single bridge beam. 

The bridge-beam assembly can also be either top- 
running or underhung. End trucks on top-running 
cranes travel on small-gauge rails mounted on top of 
the overhead runways. A runway is a rail-and-beam 
combination that allows for the movement of end 


trucks. A top-running crane with an underhung hoist Small gantry cranes in industrial facilities are commonly used for assembly 
is the most common overhead crane configuration. and equipment maintenance work. 
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Figure 2-2. The bridge beam of an overhead crane moves along elevated rails called runways. For very large overhead 
cranes, the runways are often built into the structure of a building. 
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Figure 2-3. There are various bridge beam and hoist trolley 
arrangements for overhead cranes. 


The three basic types of jib-crane structures are 
wall-mounted, base-mounted, and mast. See Fig- 
ure 2-4. Wall-mounted jib cranes are top-braced or 
cantilevered. A cantilever is a projecting structure sup- 
ported at only one end. Base-mounted jib cranes are 


freestanding cantilevered cranes mounted on a heavily 
anchored base. Mast jib cranes have one structural leg, 
or mast, mounted to both the floor and ceiling and a 
boom that is cantilevered, underbraced, or top-braced. 

A jib crane may be stationary or may be capable of 
rotation. Depending on the mount type, the rotation 
may be partial, or it may be a full 360°. The trolley 
travels along the length of the boom. If the jib crane is 
stationary, the area of reach is limited to the linear boom 
footprint. If the jib crane is capable of rotation, the area 
of reach 15 an arc or full circle. 

Due to its cantilevered design, a jib crane is more 
vulnerable to overloading and damage. Slack should 
be taken up slowly before a lift to minimize the shock 
to the boom. Rotating the boom on a jib crane should 
also be done slowly to prevent damage to the load, to 
the surroundings, and to individuals. 


Mobile Cranes 


A mobile crane is a crane that can be moved within and 
between job sites. They are typically used temporarily, 
brought in for a construction project, and then trans- 
ported to the next project when finished with the first. 
Mobile cranes are designed to be small and light enough 
to be driven over paved roadways, though this design 
limits their rated capacity. 

Mobile cranes are composed of crane assemblies 
and vehicle platforms. The crane portion includes all 
hoisting, boom, and operator cab components and 15 
mounted onto the platform on a turntable, allowing 
the crane to swivel. Many mobile crane variations are 
possible because the type of platform is relatively inde- 
pendent of the type of crane. See Figure 2-5. Therefore, 
mobile cranes are specified by both the crane type and 
platform type. 

The most common platform type is a motor truck, 
which is similar to a typical flatbed truck with a long bed. 
Motor trucks are often used on commercial or residential 
construction job sites that are accessible by roads. 

For off-road use, rough terrain or crawler platforms 
allow the crane to operate in areas with soft or mod- 
erately uneven ground. Rough terrain platforms have 
large tires with deep treads. Some feature four-wheel 
steering that allows the crane to move, or “crab,” side- 
ways, allowing the crane to operate in tight spaces. 
Crawler platforms are tracked with linked plates, much 
like military tanks. These cranes cannot travel on paved 
roads and must be transported by truck. Cranes are also 
available mounted on locomotive platforms. 
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The two most common types of mobile cranes are 
telescoping-boom cranes and lattice-boom cranes. 
Both of these crane types are available on a variety of 
vehicle platforms. 


Telescoping-Boom Cranes. A telescoping-boom crane 
is amobile crane with an extendable boom composed of 
nested sections. The crane includes one or two hoists, 
which are located in the body of the crane behind the 
boom. Each hoisting rope feeds out over the boom and 
through a sheave at the far end. 

The boom sections are extendable and retractable, 
allowing for a wide range of boom lengths and chang- 
ing the distances of the hoist hook from the crane. See 
Figure 2-6. When fully retracted, the crane is easily 
transported by its vehicle platform, which is a street- 
legal truck. The boom movement and extension are 
typically powered by integrated hydraulic systems. 


Lattice-Boom Cranes. A lattice-boom crane is а mo- 
| bile crane with a boom constructed from one or more 
Figure 2-5. Mobile cranes are crane assemblies that are sections of thin steel gridwork. The lattice structure 


mounted on a mobile platform. The platform used may provides a very strong boom that is light for its size. 
vary depending on the intended application. See Figure 2-7. 


CRAWLER LOCOMOTIVE 


18 RIGGING, HOISTING, and SIGNALING PRACTICES 


Telescoping-Boom Cranes 


RAISE BOOM 
EXTEND 
BOOM 


RETRACT | 


ВООМ 
LOWER BOOM 


СА AXIS OF ROTATION 


RAISE LOAD 


OUTRIGGERS 


LOWER LOAD 


BACK 


Figure 2-6. A telescoping-boom crane can extend or retract its boom, providing significant versatility to its reach. 
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Figure 2-7. The boom of a lattice-boom crane is constructed of lightweight gridwork. Multiple sections can be added in 
order to provide a variety of boom lengths. 


The boom may be composed of single or multiple 
sections that must be assembled onto the crane body 
when on the job site. This assembly is complex and 
requires the use of another, smaller crane. This makes 
a lattice-boom crane less transportable between job 
sites, though its vehicle platform allows it to move 
around while on the site. For this reason, lattice-boom 
cranes are often deployed for long-term use at large 
construction sites. 


Tower Cranes 


Tower cranes are commonly used on construction proj- 
ects such as high-rise buildings. A tower crane is a fixed 
crane consisting of a high, vertical mast tower topped 
by a horizontal jib. See Figure 2-8. The jib has a long 
arm, which provides horizontal travel for the hoist trol- 
ley, and a short arm, which provides the counterweight. 
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Figure 2-8. Tower cranes аге semipermanently installed 
at a construction site, particularly for high-rise buildings. 


The intersection between the mast and jib may be 
fixed or contain a motorized unit for rotating the jib 
horizontally. Also, the tower may move along a ground 
track. This allows the major portion of the crane to be 
positioned above the job site, saving space. 
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The operator usually controls the crane from the 
cabin, which is located at the top of the tower and rotates 
with the jib assembly. When the crane is not in use, the 
jib is allowed to rotate freely in order to reduce wind 
loads on its structure. 

Tower crane types are categorized by the way they 
are attached at the base. A climbing tower crane is a 
tower crane that is secured to the frame of the high-rise 
structure being erected and can be periodically raised as 
new floor levels are added to the structure. A freestand- 
ing tower crane is a tower crane that 1s secured to a 
concrete foundation next to the structure being erected. 
When a tower crane is no longer required on a job site, 
the crane is dismantled in sections and lowered to the 
ground. Tower cranes are transported in sections by 
truck to a job site where they are assembled. 


CRANE OPERATION 


Тһе operation of a crane to lift and move 
a load involves many different rigging 
and lifting considerations, including 
weight and balance, sling hitch types, 


Crane Motion 


rated capacities, safety factors, proper Resources 
attachment selection, and hoist opera- | W-Njatcdb.org 
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tion. Cranes use many different types of 

mechanical advantages to be able to work easily with 
loads that would otherwise be very difficult or impos- 
sible to lift or move. 


Crane Operators 


The crane operator is held directly responsible for 
the safe operation of the crane. The operator must be 
properly trained in rigging and lifting procedures and 
thoroughly familiar with the operation and features of 
the particular crane model being used. Crane operation 
requires skill, extreme care, good judgment, alertness, 
and concentration. 

Crane operators must adhere to safety rules and prac- 
tices as outlined in applicable ANSI and OSHA standards. 
In addition, they are typically required to be certified and 
may be periodically retested for knowledge and skills. 

Individuals who cannot speak the appropriate lan- 
guage, read and understand printed instructions, or 
legally operate construction equipment should not be 
permitted to operate a crane. Any individual who is 
hearing or vision impaired or may be suffering from a 
health condition that might interfere with safe perfor- 
mance should not operate a crane. 
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Depending on the size and type, cranes are operated 
from a cab, pendant pushbutton station, or wireless control 
box. See Figure 2-9. А cab is a compartment or platform 
attached to a crane on which an operator rides. A pendant 
is acontrol unit that hangs down from the hoists of smaller 
industrial cranes. This pendant includes buttons and/or 
switches used to control the direction and speed of the vari- 
ous crane movements. A wireless control box is a control 
unit connected wirelessly to a crane or hoist. 
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Figure 2-9. Large cranes are typically operated from inside 
a cab, while small cranes are typically operated from a 
pendant that hangs down from the boom or hoist. 


Depending on the size and circumstances of the lift, the 
crane operator may work with other personnel to ensure 
that safe and proper procedures are followed. Lifting 


may be performed only after the operator ensures that all 
rigging, hoisting, and crane components are within speci- 
fications. Rigging personnel are in charge of determining 
the appropriate rigging type, calculating weights and 
capacities, and selecting the proper equipment. Riggers 
and signalpersons support the crane operator in placing 
the lift hook and directing the load travel. 


General Lifting Procedures 


Exact lifting procedures vary depending on the particu- 
lar circumstances, but several general rules apply. A lift 
should never be attempted if the load is beyond the rated 
capacities of any of the rigging, lifting, or crane compo- 
nents. Once the hoist is brought directly over the load's 
center of gravity, the rigger should check that no lines or 
chains are twisted, overwrapped, or unseated. The rigger 
then connects the rigging to the hook and ensures that the 
hook latch is fully closed. 

The hook is raised slowly until all slack is removed 
from the rigging. See Figure 2-10. The load is then lifted 
slowly until itis clear of its supports and checked for bal- 
ance and stability. Crane movements should always be 
smooth and gradual to avoid shock loading. Shock load- 
ing is the abrupt application of force to an object. Shock 
loading and jerky crane movements can cause the load 
to swing and/or shift, putting extra stress on the rigging 
or impacting other equipment. 


Figure 2-10. All crane lifts are potentially hazardous situa- 
tions that require safety equipment and procedures. 


Cranes are often used at construction or industrial 
sites that involve many people, simultaneous activities, 
and noisy equipment. It is imperative that all personnel 
at the job site be alert when working around cranes and 
other lifting equipment. Personnel not involved in the 
lift must keep clear of the area around the crane and 
its load, its intended path of travel, and its destination. 


Signaling 


Many cab-operated cranes require the assistance of 
ground personnel to ensure safe lifting and transporta- 
tion of the load. In some situations, the crane operator 
may not have a clear view of the load being hoisted or 
the final destination of the load. A crane operator then 
depends upon ground personnel to properly guide the 
load to its final position. See Figure 2-11. 


Figure 2-11. Many lifts require the use of a signalperson to 
direct the crane operator on the necessary crane motions. 
Commands are often given using standardized hand signals. 


Loads should not be moved unless standard crane 
signals are clearly given, seen, and understood. The 
operator must pay particular attention to the required 
crane movements as signaled by the signalperson. The 
operator takes signals only from the designated signalp- 
erson. The only exception to this rule is the Stop signal, 
which the operator must obey from anyone, at all times. 
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CRANE DYNAMICS 


Crane dynamics are the effects of crane movements and 
weight on stability and control. The primary concerns are 
tipping forces called moments. A moment is the tendency 
of a force to rotate an object around a point. With a weight 
extended out from а crane platform, there is a significant 
moment (tipping) force on the crane. 


Rated Capacities 


A crane is typically specified by its rated capacity. The rated 
capacity is the maximum tension that a crane or hoist may 
be subjected to while maintaining the appropriate margin 
of safety. However, this is only the maximum capacity of 
the crane under certain circumstances. The rated capacity 
can be temporarily reduced by several factors during most 
hoisting jobs. 

Charts displaying rated capacities that account for 
all of the applicable factors are available with the crane 
manufacturer’s specifications and on cards located inside 
the operator’s cab. See Figure 2-12. Qualified crane op- 
erators are trained and tested on how to read these tables. 
The rigger should work with the crane operator in order 
to determine whether a load can be lifted safely based on 
the capacity charts and lift conditions. 


Maximum Allowabie Loads (Ib) 


With Without Outriggers 


Outriggers| Over Over 
Side Rear 


220,000 
185,000 
149,000 


118,000 35,800 47,900 
28,300 37,800 


76 180,000 
147,000 
118,500 


86,200 
67,400 


Figure 2-12. Crane rated capacities are provided in charts 
that list relevant lift factors. 
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Many cranes include an alarm that will sound if the 

attempted lift weight exceeds the rated capacity for the 
current boom length and orientation. This alarm must 
never be ignored. Overloading a crane can damage the 
boom or cause the entire crane to tip over, which can 
result in injuries and property damage. 
Load Radius. As a load gets farther from the crane’s 
base, the moment force on the crane increases. At 
some distance, the load will cause the crane to tip 
over. See Figure 2-13. Therefore, the rated capacity 
of a crane depends on the maximum load radius dur- 
ing a lift. The load radius is the horizontal distance 
from the pivot point of a crane to a point below the 
hoist hook. 

For example, a certain load located 20’ from the 
crane must be moved to a new location 40’ away. 
Since the farther distance reduces the rated capacity of 
the crane, it determines the maximum allowable load 
weight for the entire lift. The crane’s rated capacity 
may be 90 t at 20’, but only 60 t at 40’. Therefore, the 
maximum load for this particular lift 15 only 60 t. 


It should be noted, however, that the greatest radius 
may be at any point in the lift. If the load must be ex- 
tended out to a radius of 50’ during the lift, such as to 
avoid an obstacle, before returning to a radius of 40’, 
then that farther distance should be used to determine 
the maximum load allowed. 

The load radius is determined by the boom angle 
and boom length. Boom angle is the angle between the 
horizontal plane and the boom. Greater boom angles 
result in a reduced working radius and a higher rated 
capacity (if the boom length remains the same). As a 
boom is lowered toward the horizontal, the load radius 
increases, but the rated capacity decreases. Boom length 
also changes the load radius. See Figure 2-14. 


Moment force is essentially the same as torque. Both refer 
to a force that has a tendency to rotate an object around 


an axis or point. There are subtle differences between these 
two terms when used in different technical contexts, but for 
rigging applications, they are basically synonymous. 


Tipping Due to Moment Force - 
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Figure 2-13. As a load moves farther out from the crane, the moment (tipping) force increases, and can eventually cause 


the crane to tip over. 


Load Radius 
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Boom length is constant for some cranes but can 
change for others. For example, telescoping-boom 
cranes can extend or retract their booms during a 
lift. Also, the hoist hook may not be mounted on the 
end of a boom. Some cranes have secondary hoists 
that drop the hook from sheaves located along the 
length of the boom. Also, a tower crane trolley can 
be at any point along the jib (boom). In such cases, 
the load radius is measured only to the hook, not to 
the end of the boom. 


Counterweights. A counterweight is a block of dense 
material attached to one end of a structure in order to 
offset the moment force of the weight attached to the 
other end of the structure. Crane counterweights are 
typically modular, platelike pieces of steel or concrete 
mounted opposite the boom. See Figure 2-15. 
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Figure 2-15. Counterweights are heavy blocks of metal or 
concrete attached to the back of a crane body to counteract 
the moment force during a lift. 


24 RIGGING, HOISTING, and SIGNALING PRACTICES 


Counterweights can be added to, or removed from, 
the crane to change the crane’s rated capacity. Addi- 
tional counterweights increase the rated capacity. How- 
ever, this is effective only to a point, as increasing the 
number of counterweights beyond the recommended 
limit puts excessive stress on the crane platform and 
increases the weight of the crane, making it more likely 
to sink into the ground. 


Outriggers. An outrigger is a structure that extends 
out from the platform of a mobile crane and contacts 
the ground with a large pad. See Figure 2-16. An 
outrigger increases the effective footprint of a crane, 
which makes tipping less likely. It also reduces the 
pressure a crane exerts on the ground by increasing 
its surface contact. 


Outriggers 1 


Figure 2-16. Outriggers increase the footprint of a crane, 
making it more stable and increasing its rated capacity. 


Outriggers are hydraulically operated and thus they 
can raise the body of a crane so that it is supported 
only by the outrigger pads. This ensures full, even 
contact with the ground. Outrigger effectiveness can 
be improved, particularly on soft ground, by placing 
larger plates or timbers under the pads. 

Mobile cranes may use an “оп rubber" set of rated 
capacities for hoisting and traveling with loads when 
the crane is on its tires only. When performing these 
types of operations, the boom typically must be 
centered over the front of the crane within a narrow 


angular range. The rated capacity for this configuration 
is significantly lower than for most other operations. 


Ground Stability. When positioning a crane or its 
outriggers, the stability and integrity of the ground 
under the crane is critical. A crane should never be 
positioned over voids, chambers, or piping that might 
collapse under its weight. Unstable soil caused by 
improper compaction, water infiltration, or excessive 
slope can give way, causing the crane to collapse. A 
thorough site survey should be conducted prior to 
deciding upon the placement of a crane in order to 
avoid these hazards. 


Boom Direction. The direction of the boom in rela- 
tion to the platform affects stability because cranes 
are typically not as wide as they are long. The rated 
capacity of a crane is typically less when the boom 15 
over the side of the crane than when it is over the rear 
or front. These areas in which a crane can operate are 
known as “quadrants of operation." See Figure 2-17. 
Outriggers compensate for this difference to some 
degree because they typically extend from the sides 
of the crane, making the footprint wider. However, 
a crane's capacity may still be somewhat reduced. 


Moving Loads Horizontally 


During a lift, it is common to move a 
load horizontally. This is done easily 
with industrial and tower cranes, but 
the angled-boom designs of mobile 
cranes make this movement more 
complicated. Changing the boom angle 
moves the load horizontally, but also 
vertically, which may not be desirable. 


Moving Loads 
Horizontally 
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Tower cranes are typically used in the long-term construction of 
high-rise buildings. 


Chapter2—Cranes 25 


Quadrants of Operation i Е 


OVER THE SIDE 
са 


b: 


OVER THE FRONT 
QUADRANT 


-OVER THE REAR 
PA QUADRANT 


—OVER THE SIDE 
QUADRANT 


Figure 2-17. Lift capacity may vary in different quadrants of operation because the crane is more stable in its long direction 
(over the front and over the rear) than in its short direction (over the sides). 


For cranes with fixed-length booms, such as a lattice- 
boom crane. the vertical movement can be countered 
by simultaneously raising or lowering the hoist. See 
Figure 2-18. There is even a pair of special crane signals 
that specify this combination. However, the range of 
horizontal movement is still limited with this type of 
crane. Plus, the boom angle change required is signifi- 
cant and may present clearance issues. 


FIXED-LENGTH 
OOM 


Moving Loads Horizontally ң Е 


A telescoping-boom crane, however, is much more 
versatile in this regard. The ability to change the boom 
length provides a greater range of horizontal movement. 
A combination of extending the boom while lowering the 
load moves the load outward horizontally, and retracting 
the boom while raising the load moves a load inward. 
These movements are particularly useful for placing a 
load between the floors of a building under construction. 


EXTENDED 
BOOM 


EXTENDABLE 
BOOM -, 


LOAD 
MOVEMENT 


Figure 2-18. Moving loads horizontally with a mobile crane requires two simultaneous crane motions. All mobile cranes can 
move loads horizontally, though telescoping-boom cranes typically have greater horizontal range. 
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As always, the change in load radius from these 
movements affects the crane’s rated capacity for the 
lift. A careful analysis should be done prior to the lift 
to ensure that the rated capacity will not be exceeded 
in any of the positions to be used. 


Boom Deflection 


Boom deflection is the bending down of a boom 
due to the weight of a load. Booms are designed to 
be somewhat flexible, so some amount of bending 
is expected. As long as the load weight is less than 
the crane’s rated capacity, then the bending should 
be within normal specifications. However, this 
bending may still need to be compensated for dur- 
ing hoisting. 

Boom deflection may occur at the beginning of 
a lift as slack is taken up from the rigging and the 
weight of the load starts to be supported by the crane. 
This bending moves the end of the boom outward 
and downward slightly, causing the boom and the 
load to become misaligned. See Figure 2-19. If the 
load is hoisted from the ground without first correct- 
ing this misalignment, the load will swing outward, 
away from the crane. When the deflection is significant, 
the resulting swinging may constitute a loss of control 
of the load and present a hazard for ground personnel. 


To correct this problem, the signalperson must first 
observe whether boom deflection is occurring, and then 
signal the crane operator to apply the appropriate corrective 
action. Just as the load is about to be lifted off the ground, 
the hoisting line should be checked to see if it is vertical. 
If it is not, the signalperson should give the signal to raise 
the boom and Jower (hold) the load or, if the boom can- 
not be raised, to retract the boom until the hoisting line is 
vertical. Once,the hoisting line is vertical, the load should 
not swing when hoisted. 


Side Loading 


Cranes are designed to lift loads in a vertical direction only. 
If a crane is not level or a load is pulled from the side, the 
load weight can cause side loading on the boom, which 
can excessively stress and damage it. Side loading is the 
application of a horizontal force on a boom due to the hoist- 
ing of a load that is not directly underneath the hoist hook. 

A quick visual check can determine whether the crane 
is level. The free-hanging hoisting line is viewed from head 
on to see if it is aligned with the centerline of the boom. See 
Figure 2-20. If the cable does not line up with the boom, 
the crane should be releveled until the proper alignment 
is achieved. This check should be performed twice, with 
the boom in two positions, 90° apart. This ensures that the 
crane is level in all directions. 
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Figure 2-19. Minor deflection of a boom as it comes under load at the beginning of a lift is normal but may result in the load 
being lifted at an angle. This can cause the load to swing, which can cause damage or present a safety hazard. 
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Figure 2-20. Cranes should be checked for levelness by 
checking the alignment of the boom and a free-hanging 
hoist line. 


Side loading of the boom may also occur if an at- 
tempt is made to drag a load, or if the boom sheave 
is not directly over the load. Dragging a load with a 
crane is dangerous and may cause damage or an im- 
mediate failure of the boom. If the hoist hook cannot 
be positioned directly over the load lift point, either 
the crane or the load must be relocated. 


Drift 


If a load is moved too rapidly, it will drift. Drift is the 
tendency of a load to continue moving after the crane 
has stopped. See Figure 2-21. Drift can be caused Іп 
mobile cranes by swinging or extending the boom 
rapidly, and in industrial and tower cranes by mov- 
ing the trolley rapidly. Drift causes side loading of 
the boom/trolley and a potentially hazardous loss of 
control of the load. 

The crane operator can compensate for drift at the 
end of a crane movement with a small, quick move- 
ment in the opposite direction. However, when not done 
properly, this can make the problem worse. Instead, the 
best solution to prevent drift is to move the load slowly 
and use tag lines to help control the load. 
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Wind Loads 


Wind loads can be a significant factor in load stability 
and safe crane operation. Crane manufacturers often 
have recommended safe wind speeds, above which all 
hoisting operations must cease. The maximum wind 
speed varies for different types of cranes. 

If there is no wind speed recommendation by the 
manufacturer, a competent person should evaluate the 
lift conditions for safety. Wind speed indicating devices 
are mandated by OSHA under certain circumstances 
to assist the crane operator in determining whether the 
wind speeds are too high to make a lift. 

Loads with large surface areas relative to their 
weight are more susceptible to wind loads, and extra 
caution should be used when hoisting such loads. Wind 
can also affect the crane directly by putting pressure on 
the boom. Depending on the wind direction, it can add 
to the moment force and potentially cause the crane 
to lose stability. The lift should be postponed if there 
are indications that wind loads will become a problem, 
even if the wind speed is within normally safe speeds. 


Wind speed can vary enough by height that even operators 
lifting with moderately tall cranes must be sure to consider 
the wind speed at the lift height, not just ground level. An- 
emometers (wind speed meters) can be installed at the end 
of the boom or on nearby tall structures. 


Two Blocking 


Two blocking is a condition where a device on the 
hoisting line, such as a block or overhaul ball, is 
drawn up against the sheave at the end of a boom. 
If the hoisting line is drawn up further, it may be 
broken because of the mechanical interference of 
the parts at the end of the boom. An anti-two-block 
device is a safety device mounted close to the fixed 
end of a crane’s hoisting line that either sounds an 
alarm or immediately stops the crane and hoist if 
it is touched by the hoist hook assembly. See Fig- 
ure 2-22. This prevents damage from drawing the 
boom end components too close together. 

Although most cranes are equipped with an anti- 
two-block safety device, the device should not be 
relied upon to prevent breakage of the hoisting line. 
The signalperson should pay attention to the position 
of the block relative to the end sheave and signal the 
crane operator to lower the hoist to prevent contact 
between the components. 


28 RIGGING, HOISTING, and SIGNALING PRACTICES 


LOAD SWUNG RAPIDLY 


CRANE MOTION 
STOPS SUDDENLY — 


LOAD KEEPS 


=} MOVING 


LOAD SWINGS BACK AND FORTH ^ 


Figure 2-21. Drift occurs when a load is moved rapidly and then stopped. 
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Figure 2-22. An anti-two-biock device is a safety device 


designed to prevent hoist damage if the hoist hook assem- 
bly gets close to the sheave or block at the end of a boom. 


Power Line Clearances 


Any time a crane is to be erected, dismantled, or 
operated near an energized power line, special precau- 
tions must be taken. OSHA prescribes a number of 
options for preventing contact with energized power 
lines, some of which must be used in conjunction 
with other options. 

The first option is to have the utility company deen- 
ergize and ground the power lines. All power lines 
must be presumed energized until the utility owner/ 
operator confirms that they have been deenergized 
and grounded. When this option is used, the grounding 
means must be present and visible at the job site so 
that its integrity and presence can be observed. After 
deenergizing and grounding are accomplished, lifting 
operations can proceed normally. However, the crane 
operator, signalperson, and rigging crew must still 
make sure that the crane or load does not snag or come 
in contact with the power lines. 


The second option is to ensure that no part of the 
crane, load line, or load comes within a certain distance 
of the energized power line. The minimum clearance 
distance for safe operation varies according to the volt- 
age of the power line. The second option specifies a set 
distance of 20’ for voltages up to 350 kV, or 50’ for more 
than 350 kV up to 1000 kV. 

If the power line voltage is known more precisely, how- 
ever, a third option may allow for the smaller clearance 
distances as given in Table A from OSHA Subpart CC, 
1926.1408. See Figure 2-23. For voltages over 1000 КУ, 
the minimum clearance distance must be determined by 
a person qualified with respect to power transmission 
and distribution. 


Minimum Clearance Dis 
to Energized Power Line: 
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Figure 2-23. When assembling, operating, or disassembling 
a crane near energized power lines, minimum clearances 
must be maintained for safety. The required distance de- 
pends on the power line voltage. 


Tf either the second or third option is used, a plan- 
ning meeting must be held with the operator and others 
who will be working within the vicinity of the hoisting 
equipment and the load. A review of the location of the 
power lines and steps that will be implemented to pre- 
vent encroachment and electrocution must be discussed 
as part of the meeting. 

Elevated warning lines, barricades, or a line of signs 
must be used to warn the crane operator of the safe work- 
ing boundary. See Figure 2-24. If the operator cannot 
see these warning devices, a dedicated spotter who is 
in continuous contact with the operator must be used 
to assist in maintaining the required clearance distance. 
Painted lines on the ground, elevated stanchions, or 
line-of-sight landmarks may be used to help the spotter. 
In addition to the spotter, a secondary means of protec- 
tion, such as a proximity alarm, range control warning 
device, range limiter, or insulating link, must also be 
employed. Also, any tag lines used to control the load 
must be nonconductive. 
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Working Near Power Lines 


Figure 2-24. Perimeter-alerting safety measures are used 
to help crane operators maintain the required safe distance 
from energized power lines. 


CRANE INSPECTIONS 


А competent person must visually inspect a crane for 
proper operation and safety controls. This must be done 
monthly and also prior to each shift during which the equip- 
ment will be used. This inspection involves looking for 
apparent problems. Taking equipment apart is not required 
as part of this inspection unless the visual inspection or trial 
operation indicates that further investigation is needed. In 
this case, an immediate determination must be made by the 
competent person as to whether the deficiency constitutes a 
safety hazard. If so, the crane must be taken out of service 
until the deficiency has been corrected. 

Crane inspections fall roughly into three areas: the 
platform, the hoist positioning components, and the hoist. 
Each area can include complex machinery that requires 
many different types of inspections. The inspection re- 
quirements in each area vary depending on the type of 
crane and its application, though some basic guidelines 
are generally applicable. 
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Platform Inspections 

The platform includes the structural support of the 
crane and any related floor or wall components. On 
а mobile crane, the platform also provides mobil- 
ity. The platform should be inspected for corrosion, 
distorted members, missing fasteners, or damaged 
welds. Operator cab windows should be checked for 
significant cracks, breaks, or other deficiencies that 
would hinder the operator’s view. Rails along the 
floor or walls should be checked for clean, smooth 
surfaces and any damage from other equipment. Mo- 
bile platforms are subject to any applicable vehicle 
maintenance and inspection activities, such as engine 
maintenance and tire inspection. 


The platforms of mobile cranes include outriggers and associated 
hydraulics, which must be regularly inspected. 


Ground conditions around the crane should be 
inspected tor proper support, including ground set- 
(ling under and around outriggers and supporting 
foundations, ground water accumulation, or similar 
conditions. The crane should be checked for level posi- 
tion within the tolerances specified by the equipment 
manufacturer's recommendations. both before each 
shift and after each move and setup. 


Positioning Component inspections 


The positioning components include booms, bridge 
beams, hoist trolleys, and end trucks. Wheels should 
be checked for flat spots, cracks, and breaks. The 
wheel bearings should be checked for proper lubrica- 
lion, intact seals, and physical damage. 

Trolley inspections should include checking the di- 
mension between wheel flanges. See Figure 2-25. On 
most hoist trolleys, the dimension between the flange 
landings of both wheels must be between Y&" апа Y4” 
greater than the beam flange width. The addition or 


removal of spacing washers may be necessary to obtain the 
proper dimension while keeping the hoist centered under 
the bridge beam. Some hoist trolleys are not adjustable. 

Boom systems include complex actuation and con- 
trol mechanisms, such as hydraulic cylinders. Control 
mechanisms should be checked for maladjustments 
interfering with proper operation. Control and drive 
mechanisms must not have apparent excessive wear 
or contamination by lubricants, water, or other foreign 
matter. Inspections should include checking for low 
fluid levels, dirty filters, leaks, and stiff or unrespon- 
sive controls. More intensive periodic inspections 
may require the expertise of personnel that specialize 
in these power systems. 
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Figure 2-25. Inspection of a trolley involves checking the 
trolley for the necessary gap between the wheels and the 
bridge beam. 


Hoist Inspections 


Though they are mounted in different ways, the basic 
components of a hoist are similar in all applications. 
The manufacturer’s literature should be referred to 
for any cleaning or lubrication requirements. Any 
unusual noises, jerky operations, or unresponsive 
controls indicate problems with the hoist. 

Wire rope should be inspected for wear and dam- 
age. Proper wire rope reeving and drum wrap should 
be checked, and hoist brakes should be tested for 
quick response. The hook and its latch must be in- 
spected for deformation, cracks, excessive wear, or 
damage from chemicals or heat. 
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Crane operators, assistants, or other personnel involved 
in a lift should be alert for any problems with any of the 
equipment, both before and during the lift. If any problems 


are observed or suspected, the load and crane controls 
should be placed in safe positions and a supervisor should 
be immediately notified. 
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INTRODUCTION 


All rigging and hoisting tasks require evaluation and planning prior to a lift. 


This includes relatively simple lifts, even though the lift plan and equipment 
involved may be minimal. More complex lifts, however, may involve multiple 


cranes or hoists, specialized lifting devices, and specially trained personnel. 


These more complex lifts require written lift plans that fully evaluate all con- 
ditions and potential hazards of the lifts. Handling loads immediately before 
and after a lift must also be considered. 


OBJECTIVES 


” Differentiate between common and complex lifts. 

* Describe the development and purpose of a lift plan. 

* Explain the considerations in evaluating a job site and designated crane 
area for safety. 

e List and describe the factors that affect a planned load path. 

* Describe the common considerations of load preparation. 

e Describe the two aspects of load control and how they are addressed. 


* Comparethe usage and characteristics of various material handling equipment. 


Describe the general procedure for performing a prelift check. 
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| COMMON AND COMPLEX LIFTS 


Lifts are generally regarded as either common or com- 
plex. This exact terminology may vary, but the industry 
generally recognizes a difference in the preparation 
required for relatively simple lifts and more critical 
or more complicated lifts. However, the definitions of 
these two categories are not standardized. As a general 
rule. common lifts involve loads with well-defined lift 
safely hoisted with one or two slings 
"and either a single crane or one or two manual hoists. 
No written plan or special precautions are usually 
required for common lifts, 


Any other lift is typically considered a complex. 


lift, or a lift may be considered complex due to a, 


number of factors. The factors may be explicitly 
defined by the facility or contractor, or they may be 
determined by the personnel involved based on their 
experience. However, the factors are always related 
to aspects of the lift that increase hazards, require 
multiple steps, require additional personnel, involve 
extremely heavy loads, take place in an inherently 
hazardous location, and/or require workers to oper- 
ate under unusual constraints. If there is any doubt 
whether a lift should be considered common or com- 
plex, it is best practice to proceed as if it is complex. 
Examples of conditions affecting the complexity of 
a lift include the following: 


* requiring multiple movements of the load 
* hoisting extremely heavy loads 
* affecting nearby equipment or processes 
* requiring personnel to be lifted 
* hoisting aload with more than one crane or powered 
hoist simultaneously 
* turning or shifting a load while hoisted 
* rigging for sling angles of less than 30° from horizontal 
* rigging with attachment points that are below the 
load's center of gravity 
e hoisting a load where the center of gravity is unknown 
* hoisting within confined spaces 
* hoisting in a nuclear facility 
* requiring special rigging skills 
The figging, signaling, and equipment-operating 
personnel used for complex lifts must have more ex- 
tensive experience and higher levels of training than 
those involved with common lifts. These requirements 
should be included in a lift plan. 


жап is used by engineering, safety, field, E any vo 
nec ersonnel to prepare for a lift. 


LIFT PLANS 


ylex lifts and some common lifts require the de- 
velopment of a lift pTan, di anis an evaluation of 
otential hazards of a П the DE and 
rocedures required to sa Se execute lift 


The development of a lift plan involves identifying 
potential problems and then developing appropriate 
solutions for those problems. Note that a particular 
problem may have a number of different solutions, 
many of which could be acceptable. Many personnel 
may be involved in evaluating potential solutions and 
choosing the best one. 

Lift plans for some lifts may be discussed relatively 
informally. For example, a brief meeting between the 
rigger, the signalperson, and the crane operator may 
be adequate to review a relatively simple lift procedure 
and address all safety concerns. However, a complex 
lift requires more extensive planning and evaluation. A 
complex lift plan is likely to require documentation of 
the load characteristics, the load path, and load control 
procedures. However, there 1s no single document for- 
mat applicable to all types of lifts. Rather, contractors 
or facilities may have a template to use as a starting 
point and then attach additional specification sheets, 
drawings, and other information as appropriate. See 
Figure 3-1. If the lifting activity will be performed 
on а periodic basis, lift plan documentation should be 
saved and updated as needed for future use. 

Lift planners should be qualified persons who are 
familiar with the relevant federal, state, provincial, and 
industry safety standards and regulations that pertain to 
the rigging, hoisting, and material handling tasks to be 
performed. The services of a qualified engineer are nec- 
essary if the lift requires equipment or procedures that 
are unusual and do not conform to established standards. 


Software is available to help choose an appropriate crane 
and rigging, develop a lift plan, and check for any clearance 
or reach issues. Most lift-planning software packages use 


3D modeling to represent cranes, loads, and structures and 
allow various parameters to be changed in order to develop 
an optimal lift plan. These software packages then output 
printed diagrams and documentation, which can be used in 
the field to set-up and supervise a lift. 
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Figure 3-1. A lift plan form provides a checklist for common considerations of a lift. Additional documentation and drawings 
may also be needed, but the form provides a starting point for planning. 


Site Evaluation 


A job site where cranes will be used should be 
evaluated prior to the equipment arriving at the 
site. Many cranes require a firm, graded, and well- 
drained area for initial assembly and operation. 
Some job sites may even require the building of 
temporary roads and staging areas. See Figure 3-2. 


Any underground voids, tanks, and utilities should 
be identified and considered along with any over- 
head power lines, elevated process pipelines, and 
other above-ground obstructions so that appropriate 
clearance distances can be maintained. The required 
clearances may be based on governmental, industry, 
and facility requirements. 
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Temporary Roads 


Figure 3-2. A job site may require temporary roads and 
staging areas. This information may be part of a lift plan. 


Ground conditions should be evaluated to determine if 
the ground can support the weight of the hoisting equip- 
ment and load. The services of a qualified civil engineer 
may be required to determine if there is sufficient load- 
bearing capacity or if additional blocking, matting, or 
other support is needed. Locations with significant slope, 
noncompacted or unstable soils, or underground voids may 
require a particular type of crane. Also, potential changes 
in site conditions should be considered. For example, a site 
that may be suitable in dry conditions may be unsafe if the 
ground becomes wet. The appropriate preventive measures 
should be based on a worst-case scenario. Я 

Staging areas may have їо be cleared for the delivery 
of crane components and for the assembly of lattice 
boom or tower cranes. Grading, shoring, or blocking 
may be required in order to keep components from 
shifting during storage. 


Crane Clearances 


The site must have sufficient space for the setup and safe 
operation of the crane. If the crane must be assembled 
on-site, space must be available for the crane sections 
and the assembly crane, if needed. There must also be 
enough space for the maximum footprint of the crane 
and its surrounding safe zone while in operation. Ex- 
tended outriggers and any additional space needed for 
blocking under the outrigger pads must be considered. 
See Figure 3-3. Working space around the crane is par- 
ticularly important to evaluate carefully because there 
is typically less space available once a job site becomes 
busier, and materials may be stored in the area. Space 
around the crane’s upperworks should be evaluated to 
determine if there is enough clearance to avoid pinch 
points or interference as the crane swings. 


Crane Clearances 


Figure 3-3. Various clearances are required around an oper- 
ating crane in order to keep personnel and equipment safe. 


Load Path 


Many loads can be lifted and moved in a single opera- 
tion without undue risk to personnel or equipment. 
These common lifts can usually be performed without 
an extensive evaluation of the load path. A load path 
is the path a load must take from its starting point to 
its destination, and includes every point in between. 
See Figure 3-4. Complex lifts, however, require site 
plans, measurements, and elevation drawings that are 
used to develop sketches or drawings of the load path. 


Fall Zones. A fall zone is an area where partially or 
completely suspended materials might land if they 
become loose from a load or if the rigging or crane 
fails. All fall zones should be identified as part of the 
lift-planning process. The size of a fall zone depends 
on the planned height of the load when it is overhead. 
See Figure 3-5. Ideally, a load should be moved while 
keeping it as close to the ground as possible, which 
minimizes the fall zone area needed. However, as 
the load is hoisted, the area threatened by a load fall 
becomes larger. 

Warning signs, barricades, or caution lines may be 
necessary in order to prevent personnel from entering a 
fall zone. Certain areas of a job site may be temporar- 
ily evacuated as loads are hoisted overhead in order to 
keep workers safe. As a rule, only the personnel needed 
to connect or receive a load are permitted to be within 
the fall zone as a load is hoisted or lowered into place. 
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Load Paths | | Obstructions. Obstructions may interfere with the direct 


path of a load from one point to another. It may be neces- 
sary to change load direction, height, or orientation during 
a lift in order to avoid obstacles. In complex lifts, it may 
even be necessary to set the load down temporarily and 
reposition the crane in order to avoid obstacles. 

Note that obstacles include not just physical structures 
and equipment but also prohibited areas. For example, 
loads may not be hoisted over areas where personnel are 
present. See Figure 3-6. This makes the entire space above 
this area an obstacle that the load must not enter. Also, if 
the load's destination is within a structure, that presents ad- 
ditional obstacles. It may even be necessary to temporarily 
remove parts of the structure in order to place a large load. 


NATION 


Load Preparation 


The lift plan must consider any special preparation needed 
І to make the load secure and ready for hoisting. This may 
Figure 3-4. A load path includes the load's starting point, ‘equ additional equipment and preparation time, which 
destination. and every point in between. The load path helps can affect the lift schedule. Therefore, the methods and 
plan for any clearances, obstructions, and prohibited areas. equipment needed should be planned in advance. 
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Figure 3-5. The fall zone is an area directly underneath a hoisted load where debris may fall if the rigging or hoist fails. As 
a load is hoisted higher, the fall zone should be larger. 
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Special Load 
Securing Equipment 


Obstructions 
PHYSICAL 
E OBSTRUCTIONS 


Figure 3-6. Obstructions include not only physical equip- 
ment and structures that must be avoided by the crane and 
load but also prohibited areas that the load must not enter. 


Securing. Some loads must be secured to prevent any 
movement or shifting. Loads consisting of a number 
of smaller components must be bound tightly into a 
single unit. Some loads require special equipment for 
securing and transporting, such as oddly shaped loads 
that are difficult to rig. See Figure 3-7. Also, movable 
parts must be secured in a safe position. 


s 


Lift-All Company, Inc. 


Figure 3-7. Some loads, often due to having an awkward 
shape, require special equipment in order to be secured 
and attached to rigging. 


Load binding straps, tarpaulins, or plastic stretch wrap- 
ping can be used to secure a load. The choice of securing 
equipment depends heavily on the type and configuration 
of the load. The securing equipment must not damage the 
load components but must be strong enough to hold under 
stress, such as if the load were to shift suddenly during 
the lift. Loads that cannot be adequately secured must be 
broken down into smaller portions to be moved safely. 


Softeners. There is often contact between the load and 
the rigging components. Rigging often lies on top of the 
load while the hoisting line is slack. Also, rigging is often 
wrapped around loads as part of the attaching process. If 
the load is fragile or has a fine surface, it must be protected 
from the rigging components, which can be heavy, hard, 
or abrasive. Likewise, any sharp edges on a load can dam- 


Indoor rigging, such as that done for setting up trade show displays, may - ER c А 
involve unique structural concerns, electrical routing, aesthetics, and other age certain types of rigging, such as wire rope and woven 
special considerations. fiber straps. 


A softener is а relatively soft material used between 
loads and rigging in order to limit damaging contact. A 
number of materials can be used as softeners. Some riggers 
stock a selection of softeners of various shapes and sizes, or 
sometimes other materials on hand can be used as softeners. 
Common types of softeners include wood blocks, sections 
of pipe, fiber pads, scraps of carpet, and preformed plastic 
or metal corner protectors. See Figure 3-8. If the lift plan 
indicates that contact damage is a concern, then a selection 
of appropriate softeners should be part of the equipment 
list prepared prior to the lift. 


Figure 3-8. Softeners are used to protect the load and the 
rigging from damage due to contact with each other. 


Cribbing. Cribbing is often used to support a load both 
before and after a lift. Cribbing is blocking used to tem- 
porarily support a load while at rest. See Figure 3-9. The 
cribbing materials and their arrangement must be strong 
enough to hold the load stable without deforming or col- 
lapsing. Wood blocks and beams are typically used for 
cribbing because they are strong but soft enough to not 
damage the load surface. 

Some cribbing is just a short stack of blocks, while other 
cribbing is purposely built to support an oddly shaped load. 
Cribbing is also sometimes used to hold a load slightly 
off the ground so that rigging can be threaded underneath 
it. Loads may arrive at the job site already supported by 
cribbing. However, sometimes there is no cribbing, and 
blocks must be wedged beneath the load so rigging can 
be attached. 


Load Control 


The lift plan should address how a load will be controlled 
as it is lifted. Load control involves maintaining both the 
stability and the orientation of a load. 
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Cribbing 


Figure 3-9. Cribbing is blocking, usually wood blocks or 
planks, used to temporarily elevate, cradle, or secure a load. 


An unstable load can cause catastrophic failures during 
a lift. Awkwardly shaped loads, loads consisting of bundled 
components, and loads with uneven weight distribution are 
particularly problematic. They can place unequal stresses 
on rigging components and are more prone to shifting 
unexpectedly. Maintaining control of such a load requires 
careful analysis of the load weight, center of gravity, and 
points of attachment. These should be determined as early 
as possible in the planning process because they are the 
basis by which the rigging equipment is selected. In fact, 
some loads require special rigging equipment in order to 
be attached to a hoist hook. 

The orientation of the load must be maintained during 
the entire lift, particularly during the landing phase. The 
load may need to face a certain direction in order to be 
installed in place or prepared to be moved horizontally to 
another location. When properly rigged, а load’s horizontal 
orientation can be easily controlled with one or more tag 
lines. A fag line is a rope, handled by a qualified individual. 
used to control rotational movement of a load during a lift. 
See Figure 3-10. Personnel can easily rotate or hold a load 
by applying relatively light force on a tag line. 
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Tag Lines Е 


TAG LINE 24 
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Figure 3-10. Tag lines are used by personnel to help con- 
trol the rotational movement of a hoisted load during a lift. 


Loads placed on wheeled equipment for horizontal 
moving must also be controlled. These low-friction devices 
can cause а runaway load if the load is оп any incline, even 
an incline that is not obvious. Manual hoists or block and 
tackle may be necessary to hold the load in place and con- 
trol its descent down an incline. See Figure 3-11. 


Load Control on Inclines | 
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Figure 3-11. Loads on inclines must be kept under control. 
Manual hoists can be used to hold a load or slowly lower it 
down an incline. 


MATERIAL HANDLING 


Many lifts involve some on-the-ground handling and hori- 
zontal movement of the load both before and after the lift. 
Ramps, floor openings, curbs, and obstructions may create 
load handling problems that require special equipment to 
resolve. This:material-handling phase may also present 
safety hazards that require consideration in a lift plan. 

Material-handling equipment typically contacts and 
supports a load over a relatively small area, which is 
often concentrated at only a few points. See Figure 3-12. 
This increases the pressure and stress at these points. It 
must be determined whether the load or its supporting 
structure is strong and rigid enough to withstand this 
arrangement. Also, some equipment can only be sup- 
ported at certain points, and these points will typically 
be indicated by the manufacturer on the load or in ac- 
companying documentation. 
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Figure 3-12. When putting loads on material-handling 
equipment, such as dollies, the rigidity of the load and the 
Stress of concentrated weight must be considered. 


Moving a load horizontally requires applying a pushing 
or pulling force to a side of the load. If the load is top-heavy 
or the force is applied high on the load, it may tip over. 
See Figure 3-13. A load should be examined for how its 
mass is distributed throughout its volume, particularly 
vertically. If the load was originally delivered on a pallet 
that was substantially larger than the base of the load, this 
is a Clue that the load is top-heavy because a large pallet 
adds stability. It is usually best to apply horizontal forces 
low on a load. 
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Figure 3-13. Loads should be moved horizontally by apply- 
ing force low on the load. Pushing or pulling near the top of 
a load may cause tipping. 


A number of different types of material handling 
equipment may be involved in moving loads across floors 
or up and down inclines. Like all other rigging and hoist- 
ing equipment, material-handling equipment must have 
a rated load that is sufficient to safely support the weight 
of their portion of a load. 


Pry Bars and Lever Dollies 


In most cases, a load must be lifted slightly in order to 
position material handling equipment under it. A pry bar 
is a forged steel bar with an angled and flattened end that 
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is pushed under the edge of a load in order to lift the load 
slightly. See Figure 3-14. These are also called pinch bars. 
The bar lifts the load as pressure is applied to the handle. 
Wedges, rollers, or other blocking can then be inserted 
under the load to allow space for other equipment. 

A lever dolly is a pry bar with wheels that is used to 
raise a load slightly or reposition a barely hoisted load. 
Lever dollies are also called Johnson bars. The handle 
is very long, which provides a great amount of lever- 
age force at the base. There is very little support under 
the load. so movements should be minimal. or the load 
could shift off of the lever dolly. These devices are 
generally reserved for making small adjustments in 
the position of a load on the floor or for placing other 
equipment under a lifted load. There are also motor- 
ized lever dollies, also known as electric Johnson 
bars. When using a motorized dolly, care should be 
taken to avoid tripping or rolling over the power cord. 


Pry Bars and Lever Dollies 
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Ғідиге 3-14. Lever dollies are used to lift the edge of a 
load slightly, usually in order to place other types of dollies 
underneath the load. 
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Rollers 


A flat-bottomed load can be moved a relatively short, 
horizontal distance across a hard, level, and smooth 
floor using simple rollers. Rollers are simply lengths 
of pipe or round steel stock that are placed under a 
load to provide a lower-friction surface. See Fig- 
ure 3-15. As the load is moved forward, the rollers 
roll under the load, moving from the front to the back. 
As the load moves completely off a roller, the roller 
can be repositioned in front of the load to start again. 
Care should be taken so that the load does not overrun 
the rollers, causing it to tip forward. Using an ample 
number of rollers will fully support the load and pre- 
vent this tipping. 

if the rollers are arranged parallel to each other, 
the load will move in a straight line. By arranging 
the rollers in an arc, the load can also be rotated as 
it moves. 


Air Casters 


An air caster is a pneumatic device that is placed under 
a load to allow horizontal movement of the load. Air 
casters are connected to an air compressor, and the force 
of the compressed air under the air casters lifts the load 
slightly and allows a nearly frictionless movement of 
the load. See Figure 3-16. Multiple air casters can be 
connected together into pallet- or plank-like structures to 
accommodate larger loads. Consideration should be given 
to the length and routing of the air supply line to prevent 
interference with the load-moving operation. 


Loads on wooden pallets must be centered and secured to 


the pallet prior to hoisting. The pallets must have sufficient 
strength to withstand both the weight of the load and any 
crushing forces caused by the rigging. 


Rollers 
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Figure 3-15. Rollers are simply lengths of pipe or other round stock that are used to move a load across a floor. By placing 


the rollers in an arc, the load can be steered slightly. 


Airfloat 


Figure 3-16. Air casters use compressed air to create a 
nearly frictionless surface under a load. 


Rigging Dollies 


A dolly is a wheeled platform, sometimes with a 
handle, that is placed under a load to allow horizontal 
movement. Very simple dollies made from wood or 
metal frames and basic swivel casters may also be used 
with smaller loads. 


Skarnes, Inc. 


Special dollies may be made with jigs to hold items securely as they 


are moved around. These are often used in industrial operations. 
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А rigging dolly is a heavy-duty dolly, often with 
rollers, used to move large loads. Some rigging dol- 
lies are equipped with swivel pads to allow a load 
to pivot relative to the dolly. A removable handle is 
used to move and steer the load. See Figure 3-17. 
Load equalizing dollies are special rigging dollies 
designed to balance the pressure of each wheel on 
the floor, which is important for nonuniform loads. 
This helps prevent damage to the floor as the equip- 
ment is moved. 


Rigging Dollies | 


Hilman Incorporated 
Figure 3-17. Rigging dollies are heavy-duty wheels or 


rollers enclosed in a low-profile frame. These are placed 
under loads to transport the loads across smooth floors. 


Rigging dollies are available in a variety of sizes, shapes, and 


ratings in order to accommodate different load handling 
needs. Also, rigging dollies are often packaged in sets of four, 
one for each corner of the load. 


Machinery Lifts 


A machinery lift is a two-wheeled dolly with swivel cast- 
ers and a hydraulic lift, which is placed at the edge of a 
load. They are typically used in pairs, one on each side of 
a load, forming what is essentially a large four-wheeled 
dolly under the load. See Figure 3-18. A ratcheting strap 
is used to temporarily bind the two lifts to the load. The 
hydraulic lift is then used to raise the load slightly off of 
the floor, allowing the whole assembly to be rolled in any 
direction. Additional lifts can be employed in the middle of 
the load to allow it to be moved over short steps or curbs. 
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Machinery Lifts 1 


Skarnes, Inc. 


Figure 3-18. A machinery lift is a combination dolly and 
hydraulic lift. Two or more machinery lifts are strapped 
around a load to lift and move it across a floor. 


Pallet Jacks 


A pallet jack is a dolly consisting of two forks that are hy- 
draulically lifted above a set of wheels. When the forks are 
inserted into a standard pallet, the wheels roll into the spaces 
between the bottom slats and remain in contact with the floor. 
A pallet is an open structure, typically made of wood, that 
supports a load and provides openings for lifting equipment 
to be easily placed under the load. As the hydraulic jack is 
pumped with the handle, the wheels prvot down from inside 
the forks, raising the load. See Figure 3-19. The load can 
then be moved via the wheels and guided by the handle. 
Some pallet jacks have an electric motor to assist in moving 
a load. The load is lowered by releasing the pressure in the 
hydraulic cylinder. The main advantage of a pallet jack 15 
that as long as the load is on a pallet, the load does not need 
to be lifted to place a jack underneath it. 


Forklifts 


A forklift is a vehicle with hydraulically operated forks 
used to lift and transport loads. See Figure 3-20. A forklift 
is capable of placing loads at higher levels than a pallet 
jack but usually only up to about 10’ to 25’, much less 
than a crane. Forklifts are available in many combinations 
of engine type, tire type, reach height, and operator posi- 
tion. There are also many attachments available for lifting 
certain types of loads. When overloaded, a forklift is prone 
to tipping, so its rated load must be checked against the 


load weight. Also, the ground or floor that the forklift will 
operate on must be able to support the combined weight 
of the lift and the load. 

Similar to crane operators, forklift operators must be 
properly trained and qualified. There are also hand signals 
that can be used by lifting personnel to guide the move- 
ment of a forkhft. 


Pallet Jacks s 
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Figure 3-19. A pallet jack сап be used їо move loads that 
аге on a sturdy pallet. 


Deere & Company 


Figure 3-20. A forklift is similar to a pallet jack attached to 
a vehicle, except that it can lift loads much higher than a 
pallet jack. 


Personnel should never climb оп top of unstable loads to 


connect or disconnect rigging hardware, even if the load 
is on the ground. Components of improperly secured or 


bundled loads could suddenly become dislodged and shift 
under foot, causing the rigger to fall. Even working near such 
loads could be hazardous. 


PRELIFT CHECK 


The lift-planning process should eventually lead to a 
well-prepared and trained crew with all the equipment 
and precautions necessary to complete a safe and effec- 
tive lift. The final step in lift planning is a prelift check 
that confirms all expected conditions and dynamics. 
This is a “dry run” of the actual lift that often exposes 
additional issues that must be addressed before the 
actual lift. 

All rigging equipment and hardware should be 
checked to ensure that all rated load specifications ex- 
ceed the actual forces that each component will experi- 
ence. This includes the crane or hoist and all under-hook 
lifting devices and hardware. It should be noted that 
depending on where the devices are located in the rig- 
ging, the required rated load may be different. Calcula- 
tions for all expected forces should be double-checked. 
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Also, it should be kept in mind that a hoist must also 
support the weight of all rigging components. 

A test lift is made to confirm load balance and stabil- 
ity. The load is lifted only slightly off its support, just 
enough so that any issues can be identified. If the load is 
not level, then the rigging needs to be adjusted. If changes 
must be made to the rigging, the load must first be set 
back down on firm supports and tension released from 
the rigging. This procedure is continued until the load is 
balanced and stable. 

Any cribbing used to support a load before and after a 
lift must be checked for sufficient capacity and stability 
to support the load. The cribbing components should 
be staged in the areas where they will be needed prior 
to starting the lift. These staging areas may include 
intermediate locations where the load will be set down 
temporarily during the lifting operation. 

Upon completion of the lift, the load may need to be 
moved to a new position or secured in place. Any rigging 
equipment that is no longer needed should be removed 
from the load and returned to storage. Often, the rigging 
equipment is left attached to the hook, and the crane is 
used to transport the equipment back to the storage area. 
Unused rigging equipment should not be allowed to ac- 
cumulate in the work area where it may create a tripping 
hazard or become damaged. 
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SIGNALING /4 


INTRODUCTION 


А signalperson guides the crane operator by providing the commands needed 
to safely and effectively move a load during a lift. The signalperson does this 
by making certain signals, such as with the hands, verbally, or with sounds, 
that represent the desired move. Given the extreme importance of this task, 
signalpersons must be well-trained in proper signaling techniques and use 
established signals. The signalperson is also responsible for preventing haz- 
ardous situations caused by crane movements. 

The communication between the signalperson and crane operator must be Y 
clear,consistent, and constant.In special circumstances, alternative techniques ми, 
аге permitted in order to maintain this communication, but the techniques odi dd 
must be discussed and agreed upon by both the crane operator and the ce 
signalperson prior to beginning any part of a lift. 


OBJECTIVES 


* |dentify the role and responsibilities of the signalperson. 

* Describe methods for using multiple signalpersons during a single lift and 
the circumstances under which they would be needed. 

* Identify the requirements for the use of nonstandard signals. 

* Demonstrate proper techniques for executing both hand and voice signals. 

* Compare the advantages and disadvantages of hand,voice,and audible signals. 


9! 
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SIGNALPERSONS 


During a lift, a crane operator may not have a clear view 
of a load’s starting position, destination, or other points 
along the route of travel. This may be due to visual ob- 
structions or the distance involved. See Figure 4-1. Also, 
other activities at a job site may need to be monitored to 
ensure that they will not interfere with the lift. Theretore, 
many hoisting operations require ground personnel to 
properly guide the crane operator by providing crane 
operating signals. A signalperson is a worker who is 
specially trained to provide clear and standardized signals 
to a crane operator in order to guide the movement of a 
load during a lift. 


Visual Obstructions 


Figure 4-1. Construction sites frequently include areas 
that the crane operator cannot clearly see from the cab. If 
loads must be placed in these areas, a signalperson must 
be used to guide the operator. 


The use of a signalperson is largely determined by the 
conditions on the job site where the lift is to be made. 
Many lifts, particularly with smaller or industrial cranes, 
can be safely completed by the operator without the as- 
sistance of a signalperson. However, a signalperson is 
required if the load or any moving part of the crane will 
not be in full view of the operator during the entire lift. 
Some facilities require the use of a signalperson in all 
cases, even if the load will be in full view of the operator. 

Signalpersons must receive appropriate training 
on crane movements and associated signals. Only an 
experienced and designated individual should act as 


а signalperson. In many cases, the signalperson must 
be certified for the task. A wrong signal could result 
in damage to materials or serious injury. Initial and 
periodic testing is used to ensure that the signalperson 
is qualified to perform the job correctly and safely. 
Signaling is also a part of the training for other lifting 
personnel. For example, qualified riggers are required 
to know how to give crane signals. 


Signalperson Responsibilities 


The signalperson's duty is more than just guiding the 
movement of a load. The signalperson must also watch 
for hazardous crane movements or conditions that could 
cause damage or injury. 

The signalperson's primary duty is to provide clear 
and consistent signals, one at a time, to the crane opera- 
tor. Тһе signalperson must maintain constant commu- 
nication with the crane operator during a lift. If at any 
time communication is lost, the operator must safely 
stop the lift and wait until communication is restored. 
The signalperson may even wear easily visible cloth- 
ing or safety equipment, such as a yellow hard hat, in 
order to improve communication and ensure that no 
other person is mistaken as the designated signalper- 
son. See Figure 4-2. 


Signalperson Visibility — 


Figure 4-2. In addition to any safety equipment required on 
the job site, a signalperson may also wear easily visible attire 
in order to improve communication with the crane operator. 


А signalperson must also be familiar with the type 
of crane being used. All crane dynamics must be well 
understood so the signalperson can avoid or compen- 
sate for potential issues. For example, the crane must 
not be guided into a position where it may tip over 
or collide with another structure, which can cause 
significant damage. 

As a load is lifted a few inches above its resting 
position, the lift should be paused as the rigger checks 
the load for stability. Depending on the circumstances, 
the signalperson may also hold a tag line for the load 
in order to keep the load from swinging or rotating 
into the boom or other nearby structures. This is only 
appropriate for relatively simple and short lifts. For 
more complex lifts, the signalperson concentrates on 
guiding the crane operator, so other personnel usually 
hold the tag lines. 


Multiple Signalpersons 


For most lifts, only one signalperson is needed. How- 
ever, complex lifts may require multiple signalpersons 
stationed at different locations. This may be the case if 
a load must be guided into an enclosed space that an 
outside signalperson cannot see. Another signalperson 
may be stationed inside the space to guide the crane 
operator as soon as the load reaches a designated point. 

Therefore, a system for switching signalpersons 
during a lift should be agreed upon prior to the op- 
eration. For example, a particular color or type of 
hard hat, vest, or gloves may be used to designate the 
signalperson in control. As signaling duties pass from 
one signalperson to another, the first signalperson 
removes the particular item of clothing, and the next 
signalperson puts on the same type of item. Or the 
switch in signalpersons may be clearly indicated over 
a radio. A variety of means may be used to indicate 
a switch between signalpersons as long all personnel 
involved agree on the system. 

The notable exception to the designated signalper- 
son rule is that any person aware of a potential safety 
problem during a lift may give the Stop or Emergency 
Stop signal to the operator. The operator must then 
immediately stop the lift until the safety problem is 
assessed or remedied. 


SIGNALS 


OSHA 29 CFR 1926 Subpart CC, Cranes & Der- 
ricks in Construction, provides regulations for the 


Chapter 4— Signaling 49 


safe preparation and operation of this equipment, 
including signaling. Specified types of crane signals 
include hand signals, voice signals, and audible sig- 
nals. Hand signals and voice signals are the two most 
common types. 

Nonstandard hand signals are permitted only if 
the standard signal set is not practical. For example, 
the standard signal set may not be adequate when 
operating special lifting equipment. In this case, 
nonstandard signals may be used. Whenever nonstan- 
dard signals are necessary, the signalperson and the 
crane operator must agree on the new signals before 
using them. 


Hand Signals 


The most common method of signaling 
is to use hand signals ınd signal is 


ы м с) Е аны Hand Signal 
ipM MEE. т Resources 
The use of standardized hand signals ^ Q'niatcdboorg 

Item #1276 


is required by OSHA and ASME, so 

a qualified signalperson must memorize the form and 
meaning of all 21 standard signals. While a chart of 
hand signals must be posted at each job site in the vi- 
cinity of hoisting operations, a qualified signalperson 
should not rely on the chart to do the job. 

When giving hand signals, the signalperson should 
ensure that their hands are fully visible to the crane op- 
erator at all times. Lighting conditions may require the 
signalperson to reposition themselves in order to make the 
signals more visible to the operator. Signaling with hands 
stretched away from the body or wearing brightly colored 
gloves may help the operator see the signals in poorly lit 
areas. If the sun or another light source creates a glare that 
interferes with the crane operator's view, the signalperson 
may have to turn or change position to compensate. 


V stop. The Stop signal indicates that the operator should 


cease the crane movement and hold the load in its pres- 
ent position. It is a common signal used at the end of 
each crane movement before proceeding to the next 
command. Under these normal conditions, the operator 
will gradually slow and stop the load in order to keep 
the load from swinging or drifting. The Stop signal is 
often preceded by the Move Slowly signal so that the 
operator is able to anticipate the upcoming stop. 

This signal is performed with one arm extended hori- 
zontally to the side. The hand is flat with palm down, and 
the arm is swung from front to back. See Figure 4-3. 
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OSHA DESCRIPTION: WITH BOTH ARMS EXTENDED 
HORIZONTALLY TO THE SIDE, 
PALMS DOWN, ARMS ARE 
SWUNG BACK AND FORTH. 


OSHA DESCRIPTION: WITH ARM EXTENDED 
HORIZONTALLY TO THE SIDE, 
PALM DOWN, ARM 15 SWUNG 
BACK AND FORTH. 


Figure 4-4. The Emergency Stop signal indicates that the 
crane movement must be stopped immediately due to an 
imminent safety concern. 


Figure 4-3. The Stop signal indicates that the operator 
should cease the crane movement and hold the load in its 
present position. 


ergency Stop. The Emergency Stop signal indicates 
that the crane movement must be stopped immediately 
due to an imminent safety problem. The operator re- 
sponds to this command by immediately stopping all 
hoisting functions. The stop will be more abrupt than a 
normal stop and thus may cause some swinging if the 
load is in motion at the time of the signal. The operator 
must work carefully to control the load. 

This signal is performed with both arms extended 
horizontally out from the body. The hands are flat with 
palms down, and the arms are swung from front to back. 
See Figure 4-4. This signal is essentially the Stop signal 
performed with both arms at once. 

\ Dog Everything. The Dog Everything signal indicates 
that the lifting movement should be paused and that the 
operator should lock the crane in its present position, This 
pause may be needed to adjust the rigging or cribbing, 


OSHA DESCRIPTION: HANDS HELD TOGETHER 


reposition the suspended load, or correct some minor AT WAIST LEVEL. 
problem before the lift proceeds. The operator stops all 
movement of the load and holds the load in position when Figure 4-5. The Dog Everything signal indicates that the 
this signal is given. This signal is performed by clasping lifting movement should be paused and that the operator 
both hands together at about waist level. See Figure 4-5. should lock the crane in its present position. 

“Se Use Main Hoist. Many cranes have more than one hoist. 
With these cranes, the hoist with the higher load rating This signal is performed by tapping a closed fist on the 
is designated as the main hoist. The Use Main Hoist top of the head. See Figure 4-6. Then additional crane 
signal indicates that the main hoist should be used for signals follow. The operator will use the main hoist for all 


the following commands, the following crane commands until directed otherwise. 
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OSHA DESCRIPTION: WITH ARM BENT AT ELBOW AND 
FOREARM VERTICAL, ELBOW IS 
TAPPED WITH OTHER HAND. 
THEN REGULAR SIGNAL 15 USED 
TO INDICATE DESIRED ACTION. 


OSHA DESCRIPTION: A HAND TAPS ON TOP OF THE HEAD. 
THEN REGULAR SIGNAL IS GIVEN 
TO INDICATE DESIRED ACTION. 


Figure 4-7. The Use Auxiliary Hoist Signal indicates that the 
Figure 4-6. The Use Main Hoist signal indicates that the auxiliary hoist should be used for the following commands. 
main hoist should be used for the following commands. 


“ Use Auxiliary Hoist. With cranes having more than one 
hoist, the auxiliary hoist, or “whip line,” is a lower capac- 
ity hoist used to lift lighter loads. The Use Auxiliary Hoist 
signal indicates that the auxiliary hoist should be used for 
the following commands. When using the auxiliary hoist, 
the rigger, operator, and signalperson should compensate 
for the reduced capacity and limit the load accordingly. 

This signal is performed by tapping an open hand on 
the elbow of the other arm, which is bent with the forearm 
upright. See Figure 4-7. Then additional crane signals 
follow. The operator will use the auxiliary hoist for all 
the following crane commands until directed otherwise. 


^ ?Hoist. Тһе Hoist signal indicates that the load should 
be raised using the crane's hoist drum. As the cable 
retracts, the block and the hook rise, lifting the load. 
Care should be taken that the weight of the load does 
not cause excessive deflection of the boom. This signal 
is performed by pointing up with an index finger and 


: à с è OSHA DESCRIPTION: WITH UPPER ARM EXTENDED TO 
Moving the hand in small circles. See Figure 4-8. THE SIDE, FOREARM AND INDEX 


А Е FINGER POINTING STRAIGHT ОР, 
- Move Slowly. The Move Slowly signal indicates that the HAND AND FINGER MAKE 


movement indicated by the next signal or set of signals SMALL CIRCLES. 


should be performed slowly. It can be used with any 


signal but is most commonly used with the Hoist and Figure 4-8. The Hoist signal indicates that the load should 
Lower signals. be raised using the crane's hoist drum. 
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This signal is performed by holding the flat palm х 
one hand over the other hand as it gives the action signal. . 

See Figure 4-9. Most demonstrations of this signal use 
it in conjunction with the Hoist signal. 


MOVE SLOWLY 
SIGNAL 


CAN BE ANY Е 
SIGNAL > > 


OSHA DESCRIPTION: А HAND IS PLACED ІМ FRONT 
OF THE HAND THAT IS GIVING 


THE ACTION SIGNAL OSHA DESCRIPTION: WITH ARM AND INDEX FINGER 


POINTING DOWN. HAND AND 
FINGER MAKE SMALL CIRCLES. 


Figure 4-9. The Move Slowly signal indicates that the move- 
ment indicated should be performed slowly. Figure 4-10. The Lower signal indicates that the load should 
be lowered using the crane's hoist drum. 


_ » Lower. The Lower signal indicates that the load should 
be lowered using the crane's hoist drum. This signal is the 
opposite of the Hoist signal. As the load is landed, tension 
is released from the hoisting line, and the boom straightens 
slightly. It may be necessary to lower the boom slightly 
in order to maintain proper alignment between the boom 
sheave and the load. This signal is performed by pointing 
down with an index finger and moving the hand in small 
circles. See Figure 4-10. 


^s Swing. The Swing signal indicates that the upperworks 
of the crane should be rotated in the direction indicated. 
The crane moves the load in an arc while maintaining 
the load's distance from the pivot point. Care should be 
taken that the boom is not subject to side loading from 
the crane moving too quickly. This signal is performed 
by extending one arm and pointing with an index finger 
in the desired swing direction. See Figure 4-11. 


. Raise Boom. The Raise Boom signal indicates that the 


OSHA DESCRIPTION: WITH ARM EXTENDED 


boom angle should be increased, which raises the far HORIZONTALLY, INDEX FINGER 
end of the boom. The load is simultaneously moved PL IUD S MUN THAT 


BOOM IS TO SWING. 


toward the crane and up from the ground. Raising the 


boom decreases the load radius, which increases the Figure 4-11. The Swing signal indicates that the upperworks 


load capacity of the crane. of the crane should be rotated in the direction indicated. 


This signal is performed by pointing the thumb of one 
hand upward with the arm extended. The fist remains 
closed. See Figure 4-12. 


OSHA DESCRIPTION: WITH ARM EXTENDED 
HORIZONTALLY TO THE SIDE, 
THUMB POINTS UP WITH 

OTHER FINGERS CLOSED. 


Figure 4-12. The Raise Boom signal indicates that the 
boom angle should be increased. 


ad. The Raise the 
Boom Ба те” er Te Los signal indicates that these two 


movements should be performed simultaneously. This is 2 
done if the load must remain at a constant elevation as the 7 


boom is raised. These movements maintain the elevation 
of the load as it moves horizontally closer to the crane. 


This signal is performed by pointing the thumb of 
one hand upward with the arm extended. The fingers of 


this hand open and close for as long as the movement is 
desired. See Figure 4-13. 


. The Lower Boom signal indicates that 
the boom angle should be decreased, which lowers the 
far end of the boom. The load is simultaneously moved 
away from the crane and down to the ground. Caution 
should be used when lowering the boom because the 
increased load radius reduces the crane’s load capacity. 

This signal is performed by pointing the thumb of one 
hand downward with the arm extended. The fist remains 
closed. See Шы 4-14. 

ower oom and Raise the Load. The Lower the 
Boom and Raise the Load signal indicates that these 
two movements should be performed simultaneously. 


а” 
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This is done if the load must remain at a constant 
elevation as the boom is lowered. These movements 
maintain the elevation of the load as И moves horizon- 
tally away from the crane. 


OSHA DESCRIPTION: WITH ARM EXTENDED 
HORIZONTALLY TO THE SIDE AND 
THUMB POINTING UP, FINGERS 
OPEN AND CLOSE WHILE LOAD 

MOVEMENT IS DESIRED. 


Figure 4-13. The Raise the Boom and Lower the Load 
signal indicates that these two movements should be per- 
formed simultaneously. 


OSHA DESCRIPTION: WITH ARM EXTENDED 
HORIZONTALLY TO THE SIDE 
THUMB POINTS DOWN WITH 
OTHER FINGERS CLOSED. 


Figure 4-14. The Lower Boom signal indicates that the 
boom angle should be decreased. 
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This signal is performed by pointing the thumb of 
one hand downward with the arm extended. The fingers 
of this hand open and close for as long as the movement 
is desired. See Figure 4-15. 


OSHA DESCRIPTION: WITH ARM EXTENDED 
HORIZONTALLY TO THE SIDE AND 
THUMB POINTING DOWN, FINGERS 
OPEN AND CLOSE WHILE LOAD 
MOVEMENT IS DESIRED. 


Figure 4-15. The Lower the Boom and Raise the Load 
signal indicates that these two movements should be per- 
formed simultaneously. 


. — “Extend Telescoping Boom. The Extend Telescoping 


Boom signal indicates that a telescoping boom should 
be lengthened. Extending the boom moves the load 
away from the crane, increasing the load radius. This 
reduces the crane's load capacity and increases the 
chance of tipping. 

This movement also causes the load to rise as the 
hoist line um s the same length. The signalperson 
must watch the crane for two-blocking, which is when 
the mee hook is drawn up into the sheave 
on the top of the boom as the boom is extended. If 
the signalperson observes that two-blocking is about 
to occur, the Stop signal should be given to stop 
the Extend Telescoping Boom movement. Then the 
Lower signal should be given to provide more line 
between the block and the boom. The Extend Tele- 
scoping Boom signal is performed by holding both 
fists in front of the body at waist level and pointing 
the thumbs to the sides. See Figure 4-16. 


- 
Е; 
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OSHA DESCRIPTION: WITH HANDS ТО THE FRONT АТ 
WAIST LEVEL, THUMBS POINT 
OUTWARD WITH OTHER 
FINGERS CLOSED. 


Figure 4-16. The Extend Telescoping Boom signal indicates 
that the telescoping boom should be lengthened. 


There is also a commonly accepted one-handed 
version of the Extend Telescoping Boom signal that 
can be used if the signalperson has only one hand free. 
However, since this is not an OSHA-approved standard 
hand signal, it should be used only after the operator 
and the signalperson have agreed upon its meaning. 
The one-handed version of this signal is performed by 
holding the free hand in a fist in front of the body and 
tapping the chest with the tip of the extended thumb. 
See 2h 4-17. 


Retract Telescoping Boom. The Retract Telescoping 
(sun signal ditiones that a telescoping boom should 
be shortened. If it is not feasible to move the load closer 
to the crane by raising the boom, the same thing can be 
accomplished by retracting the boom if possible. 

This movement results in a lower vertical height of the 
crane and decreases the load radius, which increases the 
crane's load rating. As the boom is shortened, the load also 
moves downward, which may require the signalperson to 
give the Hoist signal in order to maintain the height of the 
load. The Retract Telescoping Boom signal is performed 
by holding both fists in front of the body at waist level 
and pointing the thumbs at each other. See Figure 4-18. 
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This signal also has a one-handed version, which 
can be used under the same conditions as its cor- 
responding one-handed Extend Telescoping Boom 
signal. The one-handed version of the Retract Tele- 
scoping Boom signal is performed by holding the 
free hand in a fist with thumb extended in front of 
the body and tapping the chest with the heel of the 
fist. See Figure 4-19. 


FREE HAND IN A FIST IN FRONT OF BODY AND TAPPING 
CHEST WITH EXTENDED THUMB. 


NOTE: NOT AN OSHA STANDARD SIGNAL 


Figure 4-17. A common alternative to the Extend Telescop- 
ing Boom signal requires only one hand. 


FREE HAND IN A FIST, WITH THUMB EXTENDED, IN 
FRONT OF BODY AND TAPPING CHEST WITH BACK 
OF FIST. 


NOTE: NOT AN OSHA STANDARD SIGNAL 


Figure 4-19. A common alternative to the Retract Telescop- 
ing Boom signal requires only one hand. 


i lower Travel. The Travel/Tower Travel signal 
marcas that the crane should be moved laterally in 
the indicated direction. This signal may be used for 
industrial and sometimes tower cranes. These cranes 
travel on rails to allow lateral motion along the length 
of the rails. This signal may also be used with mobile 
cranes. These cranes are moved either before a lift in 
order get into the best position to hoist a load or during 
a lift in order to transport the load a greater distance 
than possible with the boom alone. However, it should 
be noted that a moving mobile crane has a lower load 
capacity because it cannot use its outriggers. This 
signal is performed by extending one arm forward 
with palm open and fingers pointing up and making 
Figure 4-18. The Retract Telescoping Boom signal indicates a repeated pushing motion in the direction of desired 
that the telescoping boom should be shortened. travel. See Figure 4-20. 


OSHA DESCRIPTION: WITH HANDS TO THE FRONT AT 
WAIST LEVEL, THUMBS POINT 
AT EACH OTHER WITH OTHER 

FINGERS CLOSED. 
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Hand Signal — Travel/Towe 


OSHA DESCRIPTION: WITH ALL FINGERS POINTING UP, 
ARM IS EXTENDED HORIZONTALLY 
OUT AND BACK TO MAKE A 

PUSHING MOTION IN THE 

DIRECTION OF TRAVEL. 


Figure 4-20. The Travel Tower Travel signal indicates that the 
crane should be moved laterally in the indicated direction. 


. The Trolley Travel signal indicates 
that the hoist trolley should be moved laterally in 
the indicated direction. This signal is only used with 
cranes that have movable trollies, such as overhead, 
Jib. gantry, and tower cranes. In these cases, the 
trolley travels along the boom in а direction that is 
typically at a right angle to the direction of travel 
possible by the rest of the crane. This signal is per- 
formed by extending one arm up with fist closed and 
thumb extended and moving the hand back and torth 
horizontally in the direction of desired travel. See 
Figure 4-21. 

© Crawler Crane Travel, Both Tracks. The Crawler 
Crane Travel, Both Tracks signal indicates that both 
tracks of a crawler crane should be used to move the 
crane straight forward or backward. This signal is only 
used with cranes equipped with crawler tracks that 
move the entire crane. 

lhis signal is performed with both fists rotating around 
euch other in à circular motion in front of the body. Rotat- 
ing the tists in a direction away from the body indicates 
that the crawler crane should use the crawler tracks to 
move forward. Rotating the fists in a direction toward 
the body indicates that the crawler crane should use the 
crawler tracks to move backward. See Figure 4-22. 


OSHA DESCRIPTION: WITH PALM UP, FINGERS CLOSED 
AND THUMB POINTING IN 
DIRECTION OF MOTION, HAND IS 
JERKED HORIZONTALLY IN 
DIRECTION TROLLEY 1$ TO TRAVEL. 


Figure 4-21. The Trolley Travel signal indicates that the hoist 
trolley should be moved laterally in the indicated direction. 


and Signal — Crawle 
: Tracks 


OSHA DESCRIPTION: ROTATE FISTS AROUND EACH 
OTHER IN FRONT OF BODY; 
DIRECTION OF ROTATION AWAY 
FROM BODY INDICATES TRAVEL 
FORWARD; ROTATION TOWARDS 
BODY INDICATES TRAVEL BACKWARD. 


Figure 4-22. The Crawler Crane Travel, Both Tracks signal 
indicates that both tracks of a crawler crane should be used 
to move the crane straight forward or backward. 


It is important to note that this signal always indicates 
movement from the crane operator’s perspective. There- 
fore, the hand motions should mimic the motion of the 
tracks of the crane. 


араа dredge Th: Crawler Crane 
Travel, One Track signal indicates that only one track of a 


crawler crane should be rotated while the other is locked 
in place. This action turns the crane. This signal conveys 
which track is to be kept motionless and which is to be 
rotated, along with the direction of rotation. Again, the 
signal is given from the operator’s perspective. 

This signal is performed by holding one fist in the 
air, indicating the track side to be held stationary, with 
the other fist rotating in a circular motion in front of the 
chest. The direction of rotation indicates the direction of 
desired travel. See Figure 4-23. 


OSHA DESCRIPTION: INDICATE TRACK TO BE LOCKED 
BY RAISING FIST ON THAT SIDE. 
ROTATE OTHER FIST IN FRONT OF 
BODY IN DIRECTION THAT OTHER 
TRACK IS TO TRAVEL. 


Figure 4-23. The Crawler Crane Travel, One Track signal 
indicates that only one track of a crawler crane should be 
rotated while the other is locked in place. 


Voice Signals 


Voice signals are used in cases where the operator can- 
not see the signalperson for some or all of the lift. A 
voice signal is a signal given vocally by a signalperson 
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indicating a desired crane movement {0 а crane operator. 
Prior to beginning a lift, the operator and signalperson 
must agree upon the voice signals and communication 
system to be used. 

Voice signals, be it via radio, telephone, or another 
method, must be transmitted through a dedicated chan- 
nel with no interference from other sources or users. 
See Figure 4-24. The crane operator must be able to 
receive the signals via a hands-free system, which en- 
sures that both hands are available to manipulate the 
controls of the crane anytime during the lift. All com- 
munication equipment should be checked for proper 
operation prior to the lift, and extra batteries should 
be kept on hand for those devices that require them. 


Two-Way Radio Communic 


MICROPHONE — 


Figure 4-24. Two-way radios are typically used for giving 
voice signals to a crane operator. 


The electronics inside radio equipment can cause small 
sparks, such as when switch contacts are cycled. Normally, 


this does not present a problem. However, in environments 
with explosives or flammable materials, even a tiny spark can 
initiate a detonation. Either no electronics are permitted, or 
only special, explosionproof equipment is permitted. 
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Hand signals are the most common type of crane signals, followed 
by voice signals. 


Audible Signals 


\udible signals are uncommon but may be necessary 
in certain circumstances. An audible signal is a signal 
given by a signalperson with a sound-making device 
indicating а desired crane movement to a crane operator. 
For example, a horn, bell, or siren could be used to give 
audible signals. These types of signals may be useful in 
extremely noisy environments or areas with significant 
radio interference, but only if the necessary crane move- 
ments are very simple. 

\udible signals can only indicate a limited set of 
instructions, usually those related to the most basic 
operation of a crane. For example, опе, two, and three 
short sounds can indicate Stop, Forward, and Backward 
respectively. The operator and signalperson must meet 
and agree upon the signaling system prior to a lift. 
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RIGGING. HOISTING SIGNALING PRACTICES 
gs , | 711 , SIF I NAZZ bfa І 


and oue | аё طا‎ 


LOAD WEIGHT 


AND BALANCE 


INTRODUCTION 


Rigging a load for safe hoisting requires knowledge of its weight and center 
of gravity (CG). This knowledge is necessary to ensure tha [| re 
main balanced and manageable and that the rigging components are strong 
enough to support the load weight. Load weight and CG information are 
sometimes provided, but often they must be determined by the rigger.Simple 
procedures and calculations can be used to make reasonable estimations 


OBJECTIVES 


* Calculate load weight based on material and surface area or volume. 

. Describe the importance of a load's center of gravity (CG) on rigging. 

• Estimate the position of the center of gravity (CG) of a load using various 
procedures. 

• Describe the effect of rigging symmetry on force distribution. 

* Calculate the portion of load weight supported at a lift point. 
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LOAD WEIGHT 


The most critical factor in rigging and lifting is load 
weight. The weight must be determined when planning 
a lift so that the proper rigging and hoisting equipment 
can be selected. The lifting capacity of each rigging 
component must be adequately rated for at least its 
portion of the load weight. See Figure 5-1. 


Ү/ — HOIST RATING = 
10,000 LB 


LIFTING CAPACITY 
OF RIGGING 
LIMITED TO 2000 LB 


^ SLING RATING = 
i 2000 LB 


SHACKLE RATING = 
5200 LB 


Figure 5-1. Each component in a rigging assembly must be 
capable of supporting its portion of the load weight. 


The load weight must also be known because certain 
areas of the destination’s structure may not be able to 
support the load. Placing the load in these areas could be 
extremely hazardous and must be avoided. Any weight 
limitations should be considered when developing a 
lifting plan. 

Load weight is sometimes indicated on equipment 
nameplates, on shipping documents, or in the manufac- 
turer's product information. See Figure 5-2. However, 
the load weight may be greater than shown in the original 
data if the load has been modified, is inside a shipping 
container, or is on a skid. Verifying that the weight has 


not changed since the documentation was prepared or 
that the weights of any additions to the load have been 
accounted for is also part of developing a lifting plan. 


Equipment Nameplates 


EQUIPMENT WEIGHT 


SORGE!" THREE PHASE GENERAL PURP DSE TRA 
CAT NO 45T3HEE, я 22. КМА 45. 


HV 480 HV АМР54 | GON, %262 
LV 208Ү/120 LV AMPS 129... (М7 330. |CLASS ВА 
220 DEGREE C INS SYSTEM, 150 D&GREE g RISE ТҮРЕ SO 


т в 
STYLE МО 33749-17212-090 " AS POWER «ды 
12 


7654321 7654321 766432) 


Figure 5-2. The weight of a load, particularly of packaged 
equipment, can sometimes be found on nameplates. 


If a load’s weight is unknown, it can be calculated 
by using either stock material weight tables or by us- 
ing area, volume, and material weight information. 
The weight of the rigging equipment may also need to 
be added to the load weight if it could be a significant 
portion of the overall load weight. Relatively small 
hardware can be weighed with a scale, and larger equip- 
ment, such as a spreader bar, is usually marked with its 
weight. The total, overall weight is used to ensure that 
all equipment, including the crane or hoist, is properly 
rated. This additional weight likely has a negligible ef- 
fect of the load’s CG location, though, and can usually 
be ignored for CG calculations. 


Stock Material Weight Tables 


Stock material weight tables can be used when a load 
consists of common stock or structural shapes, such 
as round or square bars, round or square tubing, I- 
beams, angles, tees, channels, or plates. These shapes 
may be available in steel, aluminum, copper, brass, or 
other materials. Stock material weight tables list the 
weight of materials by their linear, area, or volumetric 
measurements in either English or metric units. See 
Appendix. Tables for common shapes and sizes are 
readily available in material reference books or in 
manufacturer literature. See Figure 5-3. For example, 
а 1” diameter, round steel bar weighs 2.67 lb/ft. 


Diameter or 
Thickness* 


* in in 

* in Ib/ft 

tain lb/ft? 

Figure 5-3. The weight of a load consisting of stock ma- 
terials can be estimated using the unit weights in stock 
material weight tables. 


The weight of linear stock material is calculated 
by applying the following formula: 
Veen xix W, 
where 
W oa = total weight (in Ib) 
n = number of pieces 
[ = length (in ft) 
W = linear unit weight (in lb/ft) 

For example, what is the total weight of a bundle 
of 150 pieces of 10’ long, V2" trade size steel EMT 
conduit? Note: A V2" steel EMT conduit weighs 
0.30 Ib/ft. 

И ,—7nxlxW, 


total 


МЕ = 150 х 10x 0.30 


total 


W „= 450 Ib 
Load weights of stock plates or sheets are calcu- 

lated by multiplying the material unit weight (from 
stock material weight tables) by the number of plates 
or sheets and the area of a single plate or sheet, as 
shown in the following formula: 

W u97nXIlxwxW, 

where 
W „= total weight (in Ib) 
n = number of pieces 
l = length (in ft) 
w = width (in ft) 
W, = area unit weight (in lb/ft’) 


Chapter 5—- Load Weight and Balance 63 


For example, what is the total material weight of 
a load consisting of $ pieces of TU x 8) steel sheet 
that is 46” thick? Note: A steel sheet at ni thick 
weighs 2.55 lb/ft’. W, 
W ina) =X EX wx И, 


total 


= BS) 52052455 53 


toral 


W = 2856 lb 


total 


Material Weight Calculations 


If a load does not consist of raw stock shapes and its 
weight information is not available, the weight can be 
estimated using the load’s size (area and/or volume) 
and the material’s unit weight. This weight information 
can be found in many types of references. For example, 
density is a material’s weight per unit volume. See 
Figure 5-4. 


_ Common Material Densities 


Material 
Steel 


Aluminum 


Concrete 


Water 
Sand and gravel 


Copper 
Oil 


Figure 5-4. The density of a material, along with load 
measurements, can sometimes be used to estimate a 
load weight. 


Any standard unit of weight/mass (such as pounds, tons, or 
kilograms) and length (such as inches, feet, or meters) can 


be used for all weight and CG calculations as long as the 
unit is used consistently and different units are not mixed 
within calculations. That is, calculations should use one unit 
of weight and one unit of length for all variables. 


If the load is made from relatively thin plate or sheet, 
its surface area is multiplied by the area unit weight of 
the plate or sheet in order to determine the load weight. 
This is the same concept as estimating weight from the 
surface area of stock shapes, though the area calcula- 
tions are typically more complicated because the load is 
not simply a stack of identical stock pieces. Instead, the 
load may be a fabricated part that consists of multiple 
pieces assembled together. 
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Determining the total surface area of the load may 
involve calculating the area of each individual piece 
of the load separately. Usually, each piece is a simple 
shape with an easily calculated area. See Figure 5-5. 
For example, one piece may be rectangular, another 
may be circular, and so on. The surface area of each 
simpler shape is then added together. The sum is the 
surface area of the entire load. The load weight is then 
calculated with the following formula: 

W oa 74 XW, 

where 

W „= total weight (in Ib) 

A = surface area (in ft?) 

W, = area unit weight (in Ib/ft^) 

If a load is made from thick, solid parts, its volume 
is multiplied by the material's density (weight per 


unit volume) in order to determine the load weight. 


Areas and Volumes of Simple Shapes 


REIGN = 


== ENGINS o ا‎ 


AREA OF RECTANGLE = / x w 
VOLUME OF RECTANGULAR SOLID = /x wx h 


= 


DIAMETER = а 


ЧӘБУ 


SURFACE AREA OF SPHERE = та? 
VOLUME OF SPHERE = 1 xd? 


Some loads are simple shapes, such as a block of steel, 
and some are complex shapes. Like the surface area cal- 
culation, complex shapes can usually be considered as 
a collection of simpler three-dimensional shapes, such 
as cubes or cylinders, whose volumes can be calculated 
individually. The sum is the volume of the entire load. The 
load weight is then calculated with the following formula: 

Woe E V x Wy 

where 

W ,7 total weight (in Ib) 

V = volume (in ft^) 

W, = density (in lb/ft’) 

For example, a load consists of a cylindrical steel 
tank filled with water. See Figure 5-6. The tank is 5’ in 
diameter, 8’ high, and made from ¥4” thick steel. The 
water is filled to a height of 6’. What is the total weight 


of this load? 


| 


DIAMETER = а 


LENGTH — 
(OR HEIGHT) = Я 


AREA OF CIRCLE = + na? 
CIRCUMFERENCE OF CIRCLE = ла 


VOLUME OF CYLINDER = 1 па? x h 
SURFACE AREA OF CYLINDER = (2 х 1 na?) + (xd x h) 


BASE = 0 
— DIAMETER = 4-- 


AREA OF RIGHT TRIANGLE = ТН 
VOLUME OF CONE = rah = ль? 


Figure 5-5. The shapes of some loads can be broken down into simpler shapes whose volumes or surface areas can be 


used to estimate load weight. 


Tank Example | 


DIAMETER = 5’ ——— 


— COVERED 
P. STEEL 
a. = TANK 


TANK 
| HEIGHT = 8: 
WATER 
КЕМЕ)! = 6; 


| 


*— SUPPORTS 


Figure 5-6. The weight of a cylindrical steel tank сап be es- 
timated using the formula for the surface area of a cylinder. 


The tank and the water weight will be calculated 
separately and then combined to determine the total 
load weight. Since the tank is made from thin steel plate, 
its weight can be estimated by calculating the surface 
area and multiplying by the plate’s weight per unit area 
(10.2 lb/ft’). The surface area of the tank is calculated 
with the following formula: 


2 


+ лай 


cvlinder 


where 
сағ = area of cylinder (in ft) 
=. м 
d = diameter (in ft) 
h = height of cylinder (in ft) 


cylinder 


Е РУТ 
4 


иж 


= 2× 


cylinder 


=2x—+4+125.6 


cylinder 


Ааа. = 51215 s 125.6 
A = 165 ft’ 


cylinder 


Chapter 5—Load Weight and Balance 65 


The surface area of the tank is 165 ft”. The weight of 
the tank is then determined by multiplying the surface 
area by the area unit weight. 
=Ax W, 

өт 165 10.2 
om) = 1683 № 

The water in the tank is a simple cylindrical-shaped 
volume, though only 6’ high instead of 8’. Its weight is 
estimated by calculating the volume and multiplying by 
the water’s density (62 Ib/ft^). The volume of the water 
is calculated with the following formula: 


total 


ла” 
wider = Mh 
cylinde 4 
where 
уни», = Volume of cylinder (in ft) 
се 3, |4! 


d = diameter (in ft) 
h = height of cylinder (in ft) 


ла” 

cylinder = =h 
4 

ХЭ. 
cylinder =a 6 
4 

18.5 
Vlinder E: : x 6 

V = (IS ft 


cylinder 
The volume of water is 118 ft. The weight of the 


water 1s then determined by multiplying the volume by 
the density. 


Ws = 2 ж W, 
W „= 118 x 62 
W = 79101 


total 


Therefore, the weight of the tank and water is about 
9000 Ib (1683 Ib + 7316 Ib = 8999 Ib). However, the tank 
also includes a support structure at its base and various 
attached fasteners, pipe flanges, and valves. Also, the 
lift will require strong rigging equipment. АП of this 
should be accounted for because it adds more weight 
to the total load. In this example, the combined weight 
can be estimated at about 10,000 Ib. 


Estimating load weight often requires considering the load 
as separate sections and working out the weight for each 


section individually. Sections can be defined by a change 
in shape, material, and/or construction. The sections do not 
need to be small, but should be broken down into simple 
shapes so that calculations can be performed easily. 
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LOAD BALANCE 


Rigging must be arranged so a load remains stable and 
level when lifted. Any shifting, tipping, or rocking of a 
load may cause rigging to fail, allowing the load to fall 
and cause damage or injury. Keeping a load under control 
requires determining the load’s center of gravity (CG). 


Center of Gravity 


which EES ere 
xS 2 . See Figure 5-7. All of a 
par s weight is considered to be located at this single 
point for all calculations and relationships. The CG is 
the balancing point of a load. Lifting a load from directly 
over its CG puts the least stress on the rigging and pro- 
vides the safest and most controlled lifting conditions. 


Center of Gravity (CG) | 


LOAD'S 
CENTER OF 
GRAVITY (CG) 


TOTAL LOAD 


CG SYMBOL WEM 


FOR 2-DIMENSIONAL 
DRAWINGS 


Figure 5-7. The CG of a load is a single point in space at 
which an object's mass is considered to be concentrated. 
A symbol is used to mark the location on two-dimensional 
drawings. 


The CG is usually located within the body of a load, 
often near its physical center. The load's distribution of 
mass determines the exact CG. See Figure 5-8. That is, 
if one side of the load is larger or made from heavier 
materials, the CG will be closer to that end. It should 
also be noted that CG is a location in three-dimensional 
space. For example, the CG of a load may be in the 
center of the load from left to right but off-center from 
front to back. 


END 
SYMMETRICAL 
LOAD, BOTH 
VISUALLY AND IN 
MASS DISTRIBUTION 


HEAVIER END 


CG MAY NOT 
BE WITHIN 
BODY OF LOAD — 


Figure 5-8. The location of a load's CG is often related to 
the load's symmetry. However, in asymmetrical loads, the 
CG is always closer to the heavier end. 


Sometimes the appearance of a load indicates how 
evenly the mass is distributed. If the load is symmetrical 
along one dimension, then the CG is likely to be in the 
middle of that dimension. Symmetry is the characteris- 
tic of one side of an object mirroring its opposite side. 
However, symmetry is only a guideline and should not 
be relied on as the sole means of locating the CG of a 
load. Hidden, asymmetrical internal features can sig- 
nificantly affect the location of the CG. 

The CG of a load must be determined before hoisting 
it, though this can be difficult with complex assemblies. 
Equipment manufacturers often mark the CG on their 
products or include specification sheets with rigging 
and/or CG information. See Figure 5-9, The CG can also 
be calculated precisely from weight and material informa- 
tion, but this can be time-consuming. In many cases, a 
load's CG can be determined by a СШ trial- and- -error 
will not ТА а safety hazard due to the load shifting, If 
these options are not possible or practical, some simple 
procedures can be used to estimate the CG position. 


Rigging Specifications - 


Г LIFTING RECOMMENDATIONS 


RIGGING DIAGRAM — 


RIGGING INFORMATION 


в =, 


‘ NX 
ЕТЕУ 
№ кт. 


Ail panels must be ın 
place belore rigging unit 


Use spreader bars to 
prevent damaging top 
panels and to insure a 
vertical lift at all "ло points 


Fig unit with the number of lifting 
cables shown in table Some units 
may have more lifting channels 
than the minimum number of 
cables shown in Ihe tabic below 


Unit Чең Minimum # of lifting 


Jpto 121 . 
(120 208 
20 Й 


eer 


—RIGGING EQUIPMENT 


REQUIREMENTS 


Figure 5-9. Equipment manufacturers often include specifi- 
cation sheets or labels with rigging and/or CG information. 
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— LOAD IS /- LOAD WITH 


ROLLED / UNKNOWN CG 


-FLAT 
BOTTOM 


SMALL 
ROLLER 


/ CG 15 ABOVE TIPPING 
POINT (HEIGHT UNKNOWN) 


ROLLER ACTS 
AS PIVOT 


LOAD TIPS BACK AND FORTH 
WHEN BALANCED 


bi balance procedure 15 а simple method 
It should be noted that each procedure determines étermining the location of a load's CG, but it is not ap- 


the position of the CG along only one dimension of the 
load, either the length or the width. Each procedure can 
also be repeated along the other dimension to determine 
the two-dimensional position of the CG in the load's 
footprint. Some of these procedures can also be used 
to determine the height of the CG. However, in most 
cases, the height of the CG is not critical. CG height is 
typically only important for very tall loads or loads with 
very low lift points. 


The CG of a relatively small 
load with a flat bottom can be determined by setting 
it onto a small roller and noting the tipping point. See 
Figure 5-10. The roller can be a piece of pipe or cylindri- 
cal steel stock of small diameter, about 1". One end of 
the load is lifted slightly, and the roller is placed under 
the load near the estimated position of the CG. The load 
is then lowered and rolled over the pivot until the load 
is balanced. The balancing point indicates the position 
of the CG along that axis. 


propríate for all loads. 


Caution should be used whenever hoisting a load with an 


unknown СС, since the load may tilt or shift. Never stand or 
place hands or feet under hoisted loads. 


he CG of a load can also be de- 
termined by measuring the weight of the load at different 
lift points. This procedure requires the use of a dyna- 
mometer or load cell. See Figure 5-11. 


 withan electrical transducer. Either one of these devices 
can be attached in-line between a hoist and a load to 
measure the force on the rigging when the load is lifted. 
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Force-Measuring Devices 


LOAD CELL 


Figure 5-11. Lifting force can be measured directly with 
either a dynamometer or a load cell. 


In this procedure, the measuring equipment is at- 
tached to the rigging at one end of the load. The load is 
then lifted slightly, and the indicated weight is recorded. 
See Figure 5-12. The measuring equipment is then 
moved to the opposite end of the load, and a second lift 
is made. The CG is always closer to the heavier end. 
The position of the CG along the axis between the lift 
points is at a distance proportional to one end's fraction 


of the load's total weight. This distance is calculated 
using the following formula: 


1 1 үу; 

do; UM maT 

ed И 

where 

d, с = distance of CG along axis from point A 


(in ft or in.) 
d, ,, =, distance between points А and B (in ft or 
in.) 
W, = weight at point A (in Ib) 
W, = weight at point B (in Ib) 

For example, a large rectangular load 1s slightly lifted 
at one end (lift point A), and a dynamometer indicates 
a force of 6000 Ib. Then the opposite end (lift point 
B) is lifted, and the dynamometer indicates a force of 
4000 Ib. The distance between the lift points is 120". 
Where is the CG along its length? 


4 лла W, 

i ^A a W, +W; 

2 Яғ; 4000 
6000-- 4000 
4000 

UOTE 

| 10,000 
d, cq = 120x 0.4 
d, c; = 48" 


The CG is 48" from the lift point at the heavy end 
of the load. It should be noted that this is the distance 
from the lift point, not necessarily the distance from the 
end of the load. 


A dynamometer or load cell is connected in line with rigging to 
measure the tension force on that part of the rigging when under load. 


Determining CG Locati on- 
Lift Point Procedure 


ONE END LIFTED AND 
FORCE NOTED 


OPPOSITE END LIFTED 
AND FORCE NOTED S 


c CG AT CERTAIN DISTANCE 
FROM LIFT POINT 
(HEIGHT UNKNOWN) 


Figure 5-12. In the lift point procedure, each end of a load is 
lifted slightly, and the lifting force is measured. This informa- 
tion is then used to determine the CG location. 
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% 
/ Section CG Procedure. A complex load may include 


a variety of materials or equipment in separate groups, 
making it nonuniform. For example, а container may be 
loaded with pallets of an item on one side and pallets 
of something heavier on the other. 

If the lift point and balance procedures are not 
feasible, the overall CG of a complex load can be de- 
termined by the section CG procedure. This involves 
considering the load as a group of smaller sections, 
each with its own weight and CG. This method is 
simple but practical only if the weight and CG of 
each section is known to a reasonable degree. If load 
documentation does not contain this information, it 
can sometimes be estimated if a section is uniform in 
composition and shape. The weight can be calculated 
from stock material weight tables, and the section CG 
can be considered to be in the center of that section. 

This procedure is similar to lift point procedure, 
except that section weights and CG locations are used 
instead. Also, it can be applied to three or more sections 
by repeating the procedure as often as necessary until 
the CG for the complete load is determined. 

For example, a load has three distinct sections, A, 
B, and C, weighing 2 t, 4 t, and 1 t, respectively. See 
Figure 5-13. The 2 t and 4 t sections are considered 
first. Their CGs are estimated to be in their centers, 
which makes them approximately 60" apart. The 
combined CG of these two sections must be closer to 
the CG of section B than section A since section B is 
heavier. The position of the combined CG is calculated 
with the same proportion formula used in the lift point 
procedure: 


W, 
d, ag = dag Wm 
a tW, 
4 
оо 
А-АВ 3A 
4 
а ато 
А-АВ 6 
d, ,g = 60 x 0.67 
ад" 


А-АВ 

Thus, фе distance between point В and Фе combined 
CG is 20” (60" — 40" = 20”). The relative section weights 
and orientations determine which of these distances is 
needed for the next calculation. A quick sketch of the 
load and its sections may be helpful to visualize the dis- 
tances and weights. It may also be helpful to remember 
that a combined CG is always closer to the heavier of 
two section CGs. 
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Determining CG Location— 
Section CG Procedure 
LOAD 
Ж” SECTIONS 
- 60” -1--< 50” - 


A 


2T 


CG AND WEIGHT OF 
INDIVIDUAL LOAD SECTION 


COMBINED CG 
AND WEIGHT OF 
A AND B SECTIONS 


\ OVERALL CG 
AND WEIGHT OF 
ENTIRE LOAD 


Figure 5-13. The section CG procedure involves first con- 
sidering a complex load as a group of smaller sections, 
each with its own weight and CG. This information is then 
used to determine the CG of the entire load. 


Next, the combined A-B CG (from the first two 
sections) is compared to the CG for the third section, 
C, and the calculation repeated. In this case, the final 
CG is shifted toward the combined A-B CG point, 
which has a weight of 6 t. The distance between the 
B and C CGs is 50”. From the sketch of the load, the 
distance between the A-B and C CGs is determined to 


be 70” (50” + 20” = 70”). The overall CG for the entire 
load is then calculated: 
W 


АВ 


d. cc = de ав W.+W,, 
6 
асас = 70x "Em 
6 
ас со 10X 7 


decc = 70 x 0.86 


с 
а 60” 

Therefore, the overall CG for this complex load is 
60” from section C’s CG. This is a logical result, as it 
is close to the center of the load, but slightly closer to 
the 2 t section than the | t section. 


Sling angle affects the tension force experienced by the sling. 
Angles can be quickly and easily checked with an angle finder tool. 


Moments Procedure. If a load has defined sections. 


the overall CG for the load can also be found by cal- 
culating the moment for each section. A moment is the 
tendency of a force to rotate an object around a point. See 
Figure 5-14. For example, a heavy end of an unbalanced 
load tends to turn the load around a point. A moment 
about a point is calculated by multiplying a force by 
its distance from the point. Therefore, the moment for 
each section of a load is calculated by multiplying the 
section weight by the distance to the section's CG, as 
measured from a reference point. 


>, — MOMENT 
(TIPPING 
FORCE) 


Figure 5-14. A moment is the tendency of a force (such as 
weight) to rotate an object around a point. 


Moments are a product of force and distance, so their units 
include newton-meters, pound-feet, and inch-ounces. The 


order of units is not formally standardized, so “foot-pound” 
and “pound-feet,” for example, are both used. Also, the word 
“force” is sometimes added to the unit to avoid confusion 
with the concept of mass. 


If a hoisted load is balanced, the moments that are 
trying to turn the load one way are counteracted by 
the moments trying to turn the load the opposite way. 
This concept can be used to determine the position of 
the load’s overall CG. See Figure 5-15. 
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Determining CG Location- 
Moments Procedure | 


LOAD 
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ES 
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WEIGHT 


Figure 5-15. Sometimes the location of the CG of a complex 
load can be determined by the moments procedure, which 
involves adding the moments of the individual sections and 
dividing the sum by the total load weight. 
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First, a point on the load is chosen as a reference. 
(Any point may be chosen, but an end or corner is 
most convenient.) Then, the moment induced by each 
section in relation to the reference point are calculated, 
and these are added together. This total is the same as 
a single equivalent moment acting at the load’s overall 
CG. This is represented in the following formula: 

ere = WW W ad 


total 


where 

W ‚= total load weight (in Ib or t) 

dç = distance from reference point to overall 
CG point (in ft or in.) 

W, = weight of section A (in Ib or t) 

d, = distance from reference point to CG of 
section A (in ft or in.) 

W, = weight of section B (in Ib or t) 

а, = distance from reference point to CG of 
section B (in ft or in.) 

МУ = weight of section C (in Ib or t) 

а. = distance from reference point to CG of 
section C (in ft or in.) 

Since the total load weight is known (the sum of all 
the section weights), the distance to the overall CG can 
be calculated easily. The result is the following modifi- 
cation to the formula: 

С МҰ ач... 


deq = 
ИИ... 


For example, a load has three sections weighing 2 t, 
4 t, and 1 t respectively. The distances of the CGs for 
each section from one end of the load are 20", 80", and 
130" respectively. 
yd, + Wide Woda tun 


асс 


W, +, +W, +... 

, 2х20+4х80+1х130 
а). = —.-_ Ӱ{ƏӦӰƏСЊ< 
Е. 2+4+1 

40 + 320 +130 
deg = 

7 

490 
а. = — 
CG 7 
ЕК 


Therefore, the CG along this dimension is located 
70” from the reference point. The position of the over- 
all CG point in other dimensions, such as width and 
height, can be calculated in the same way. This is one 
reason why a corner is usually the most convenient 
reference point. 


Rigging Symmetry 

Once a load’s CG is determined, it should be hoisted 
from directly over that point, which ensures balance. 
The rigging must be arranged to maintain this position 
and distribute the lifting force to the load’s lift points. 
Since suitable lift points may be predetermined or at least 
restricted in options, the possible rigging arrangements 
are limited. The resulting rigging may be symmetrical or 
“asymmetrical. See Figure 5-16. This symmetry is not nec- 
essarily related to the symmetry of the shape of the load. 


Rigging Symmetry A 


Figure 5-16. Rigging symmetry is determined by the rela- 
tionships of the lift points to the CG, not necessarily by the 
symmetry of the load. 


Also, the total load weight is divided between each 
lift point. For example, if a single lift point is used to 
hoist a load, then the entire load weight is applied to 
the lift point and sling. However, if a load is rigged 
with more than one lift point, then each point supports 
only a portion of the load weight, which reduces the 
strength requirements for the slings used. The symmetry 
of the rigging arrangement, along with the number of 
lift points used, determines how the lifting force (or the 
load weight) is distributed among the points. 


| . In symmetrical rigging arrange- 
fi points are eall equal distances from the load’s 
GO This allows the use of slings that are equal in length 
and at equal angles. 

If the rigging is symmetrical, then each lift point can 
be assumed to support an equal portion of the load, up to 
three-point arrangements. See Figure 5-17. In a two-point 
symmetrical arrangement, each point supports one-half 
of the load weight. For example, if symmetrical rigging 
of two points is used to lift a 1000 Ib load, each point is 
supporting 500 lb. Similarly, for three-point arrangements, 
each point supports one-third of the load weight. 


Symmetrical Rigging = 


/г EQUAL LENGTH SLINGS 


,r EQUAL LIFT 
POINT DISTANCES 


EQUAL 
SLING 
ANGLES 


EQUAL PORTIONS" / 
OF LOAD WEIGHTS -У 


Figure 5-17. With symmetrical rigging, the slings are of 
equal length, and each lift point supports ап equal portion 
of the load weight. 


For symmetrical arrangements of four or more points, 
each point is considered to be supporting one-third of the 
load weight. This is because in order to equally distribute 
the weight, each sling would have to be so perfectly 
arranged in position and length that it is considered 
practically impossible. The fourth or any additional 
points are considered to be extra safety factors. 
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the CG than the others. This means that the required 
sling lengths and angles are unequal. See Figure 5-18. 
The load weight is still distributed among the individual 
slings but not evenly. Some bear more of the load's 
weight than others. 


Asymmetrical Rigging — 


- UNEQUAL LENGTH SLINGS 


- UNEQUAL LIFT 
zu POINT DISTANCES 


UNEQUAL 
SLING 
ANGLES 


UNEQUAL PORTIONS 
OF LOAD WEIGHTS 


Figure 5-18. With asymmetrical rigging, the slings are of 
unequal length, and the lift points support unequal portions 
of the load weight. 


In order to calculate the force experienced by each 
sling, the portion of load weight that is supported by each 
sling must be determined. This amount is proportional 
to the ratio of the distance from the CG to the opposite 
lift point to the total distance between the lift points. 
This is represented in the following formula: 


И -W (ТТ 


where 
W, = portion of load weight supported at lift 
point A (in Ib or t) 
W = total load weight (in Ib or t) 
d... ‚= horizontal distance from CG point to lift 
point B (in ft or in.) 
d, ‚= horizontal distance between lift points A 


A 
and B (in ft or in.) 
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For example, a load has lift points that are 120” apart, 
but the CG is located 40” horizontally from one of the 
points. See Figure 5-19. If the load is rigged so that it is 
hoisted from directly over the CG point, as it should be, 
the closer lift point bears a greater portion of the load’s 
weight. If the load is 9000 Ib, how is the load weight 
distributed between the two points? 

И me 
А-В 
W, = 9000 x ES. 
120 


a 


W, = 9000 x 0.3333 


W, = 3000 Ib 
a 

W, = Wari = 

Яд а 

80 


W, = 9000 x — 
| 120 


РА 


W, = 9000 x 0.6667 
W, = 6000 Ib 


Two-thirds of the load weight is supported at point 
A, the point closer to the load CG, and the remaining 
one-third is supported at point B. 

In addition to ensuring balance, load weight and its 
distribution among the lift points must be calculated, 
or at least estimated, in order to determine the proper 
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rigging requirements. This information is used to cal- 
culate the forces experienced by the rigging so that the 
proper slings and hardware can be chosen. 


Asymmetrical Rigging 


9000 LB 


Figure 5-19. The portion of load weight supported at each 
lift point is related to the relative distances of the lift points 
from the load’s CG. 
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SLINGS AND 


SLING HITCHES 


INTRODUCTION 


Slings are the most common method of connecting a load to the hook of a 
crane or hoist. Various types of slings may be utilized, based on the specific 
requirements or conditions of a particular lifting operation. A sling may be 
constructed of wire rope, chain, metal mesh, fiber rope, or synthetic fibers. The 
expected force on a sling must be determined before selecting the size and 
type of sling to ensure that it is not overloaded. Various types of hitches can 
be used to attach a sling to a load. Some reduce the rated load of the slings. 
However, they have certain advantages, such as helping to maintain control 
of a load. 


OBJECTIVES 


* Listand describe the various materials and configurations used to construct 
slings. 

. Differentiate between the rated load, breaking strength, and safety factor 
of a sling. 

* Listthetypes of information typically included on sling identification tags. 

* Describe various types of sling hitches and their advantages and disadvantages. 

* Calculate a sling load based on load weight and rigging arrangement. 
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SLINGS 


A sling is a flexible length of load-bearing material that is 
used to rig a load. They are used frequently іп situations 
where a load and a crane hook cannot be directly con- 
nected. Slings are an intermediate connection between a 
load and hooks that are too large to fit into the openings 
of an attachment point on the load. More importantly, 
the use of slings with other rigging hardware provides a 
great variety of possible rigging arrangements in order to 
design a safe and efficient lift. For example, flexible slings 
can often be looped around loads that have no attachment 
points. Furthermore, the variety of sling types and lengths 
available provides a number of options for dealing with 
different scenarios and load arrangements, including be- 
ing able to adjust and position the point of a lift so that it 
remains above the load’s center of gravity (CG). 


Sling Materials 


The most common types of sling materials used for 
rigging and hoisting are chain, synthetic webbing, 
synthetic roundslings, and wire rope. See Figure 6-1. 
Fiber rope slings and wire mesh slings are also avail- 
able but are not as widely used. 
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Figure 6-1. Slings are 
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The type of sling selected for an application is based 
primarily on the strength of the material and also the 
appropriateness of the material. Certain conditions may 
make some sling material unsuitable, perhaps even dan- 
gerous. For example, elevated temperatures or chemical 
exposure may weaken or damage certain sling materials. 
Sharp-edged or abrasive loads could damage or deform 
some sling types, particularly synthetic fiber slings. Con- 
versely, if the finished surface of a load might be damaged 
by a sling, a synthetic fiber sling may be recommended. 
Also, metal slings in certain arrangements are more likely 
to slip out of place under load, while synthetic fiber slings 
typically have greater friction with the load surface, which 
helps keep them in place. The sling's manufacturer or the 
standard ASME B30.9, S/ings should be consulted for 
guidance on appropriate applications. 


Sling Configurations 


Slings are formed as either eye-and-eye or endless slings. 
See Figure 6-2. An eye-and-eye sling is a sling in which 
loops are formed at each end of the sling body by doubling 
over the material and securing it by sewing, weaving, Or 
utilizing a compression fitting. Eye-and-eye slings are 
typically made from wire rope or synthetic webbing. 


Lift-All Company, Inc. Lift-All Company, Inc. 
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made from a variety of materials, each with advantages and disadvantages for different applications. 


An endless sling, also called а grommet sling, is а sling 
formed by attaching the ends of a sling body together 
to form a continuous loop. These types of slings can be 
made from chain or synthetic fiber materials. 


Sling Configurations 1 


EYE-AND-EYE 


ENDLESS 


Lift-All Company, Inc. 


Figure 6-2. Sling configurations are broadly categorized 
as either eye-and-eye or endless. 


Various types of end fittings are used with slings to make 
them more suitable for specific tasks, such as thimbles, 
rings, or hooks. See Figure 6-3. These can be included on 
either eye-and-eye or endless slings. Some are permanently 
attached when the sling is manufactured, and some can be 
added by the rigger. 

However, the size of a sling eye affects its suitability for 
use with other hardware. A sling eye must not be opened 
too widely, even if it can be fitted onto hardware, because 
it strains the eye construction. See Figure 6-4. Synthetic 
web sling eyes must not be put around objects that are wider 
than one-third the length of the eye. For wire rope slings, 
the limit is one-half the length of the eye and not less than 
the diameter of the wire rope. 


Sling Rated Loads 


Rigging components, such as hardware and slings, are rated 
by the amount of force they can safely tolerate. The rated 
load is the maximum tension that a rigging component may 
be subjected to while maintaining an appropriate margin 
of safety. This is also commonly called the load rating, 
rated capacity, or working load limit. The rated load of a 
component is different from its breaking strength. 
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End Fitting Examples 3 


Lift-All Company, Inc, 


Figure 6-3. A wide variety of end fittings are available for 
slings. Most types are D-shaped rings and various hooks. 
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Figure 6-4. The size of a sling eye determines the range of 
component sizes that may be safely attached to it. 
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RATED LOAD TERMINOLOGY 


A particularly confusing aspect of the rigging and hoisting 
industry is the variation in terminology for the amount of 
force that a component may be subjected to and still main- 
tain the appropriate margin of safety. No single term stands 
out as an industry standard, though “rated load” is used for 
slings and rigging components by ASME, which is a major 
contributor to industry regulation. Also, there is a slight 
preference for “rated capacity” in the context of cranes and 
hoists. Therefore, these are the two terms chosen for use in 
this book. Other common terms include “load rating,""load 
capacity,” “weight rating,” “weight capacity,” “working load 
limit,”and “safe working load.” These all have the same defini- 
tion and, when encountered in the field and in publications, 
can be treated as equivalent. Note, however, that “breaking 
strength,” also known as “ultimate strength,” has a very differ- 
ent meaning. This is the force under which the component is 
expected to fail and must never be used as an allowable sling 
or equipment load. If ever in doubt regarding the meaning of 
a similar term for a rigging component, always consult with 
the manufacturer. 


ии "nu 
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All sling identification tags must specify at least one rated load, though 
this information may not be explicitly labeled. 


Breaking strength is the tension at which a material is 
expected to break. The breaking strength of a particular 
material is determined by subjecting multiple samples to 
destructive load testing and averaging the results. How- 
ever, the breaking strength value cannot be used directly 
as a safe value for lifting. There would be no margin of 
safety to compensate for slight manufacturing variations, 
underestimated load weight, sling age, or other weakening 
conditions. It is too likely that the forces will exceed the 
material’s breaking strength, which can lead to failure. 


A safety factor is the ratio of a component’s break- 
ing strength to its rated load. This is also known as the 
design factor. See Figure 6-5. Chain slings use a mini- 
mum safety factor of 4, while other types of slings use 
a minimum safety factor of 5. Therefore, the breaking 
strength is four to five times greater than the rated load. 
For example, if a safety factor of 5 is used for a rigging 
assembly with a breaking strength of 5000 Ib, the rated 
load of the rigging assembly is 1000 Ib (5000 Ib + 5 = 
1000 Ib). Note that the rated loads of slings with per- 
manently attached end fittings, such as hooks or rings, 
are for the entire sling assembly. 
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Figure 6-5. The safety factor provides a large margin of 
safety between a component's breaking strength and the 
load weight it is rated to support. 


Standard safety factors are only valid for steady 
loading, which requires slow and gradual hoisting and 
load travel. Dynamic loading involves rapid motions, 
such as quick changes in direction, load shifting, and 
load swinging, and should always be avoided. How- 
ever, if the possibility cannot be avoided, such as when 
lifting in windy environments, the rigging equipment's 
rated load should be derated to approximately 60% 
of its specification in order to maintain a sufficient 
operating safety factor. 
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Sling Identification 


Slings are tagged by their manufacturers to indicate 
relevant information about rated loads and other charac- 
teristics. See Figure 6-6. Regardless of the type of sling 
used, the identification tag must be legible and remain 
attached to the sling for its entire usable life. A sling 
should be removed from service if its tag is missing. 


Sling Identification Tags | 
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Figure 6-6. All slings must have legible identification tags 
that show basic information on the sling's manufacturer, 
type, and rated load. 


The amount of information on sling tags may 
vary. Some simply list the name or trademark of the 
manufacturer, sling material and length, and one rated 
load of the sling. However, other information may be 
included, often depending on the type of sling. Specific 
requirements for the information to be provided with 
each type of sling can be found in the standard ASME 
B30.9, Slings. 


Sling Application Rules 


Correctly selecting and applying the appropriate slings 
and hardware are vitally important to make sure that 
loads are properly connected and safely hoisted. There 
have been numerous instances of equipment failure 
and subsequent death of personnel due to improperly 
rigged loads. To ensure safety, a qualified rigger must 
have a good working knowledge of the types of slings 
available and how to apply them under specific field 
conditions. Although the different types of slings have 
specific rules for their use, there are some general 
guidelines for using slings: 


weigh pw! s 
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* Slings must be selected to meet all of the require- 

ments and conditions of a particular lift operation, 

including the rated load, the type of load, the type 
of hitch, the environment, and control of the load. 

* [f the proper type of sling or other rigging equip- 
ment is not available, the lift should be deferred 
until the proper equipment can be obtained. 

e Synthetic fiber slings should never be used for 
hoisting personnel baskets. 

* Body parts must never be placed between a sling 
and a load. 

* Slings should never be shortened by knotting or 
twisting, or lengthened by tying them together. 

* Loads should not be left resting on slings, which 
can damage the slings. 

e If a sling is under a resting load, removal or re- 
positioning should not be attempted until the load 
can be raised. 

* Precautions should be taken to prevent the snag- 
ging or kinking of slings. 

* Slings should not be dragged over abrasive sur- 
faces. 

* Whenremoving a sling with a hoist, the commands 

should be initiated by the person who is extracting 

the sling. 


SLING HITCHES 


sling hitch is an arrangement of one or more slings 
for connecting a load to a hoist hook. Most slings can 
be used in a variety of hitches, though this affects their 
effective rated load and appropriate applications. When 
deciding on a sling hitch for a load, consideration 
should be given to how the sling or slings will be at- 
tached and how control of the load will be maintained 
throughout the lift. 

There are foun basic (ypes of hitehes. See 
Figure 6-7. A vertical hitch is a sling hitch in which 
one end of a sling connects to a hoist hook, and the 
other end connects to a load. The sling does not wrap 
around or under the load. A basket hitch is a sling hitch 
in which a sling is passed under a load, and both ends 
of the sling are connected to a hoist hook. A choker 

hitch is a sling hitch in which one end of a sling is 
—wrapped under or around a load, passed through the | 


eye at the other end of Ше sling, and then connected 


to a hoist hook. A bridle hitch 15 a sling hitch in which 


ne 
two or more sling mus a common end fitting that is 


used as a lifting point. 
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Figure 6-7. The four basic sling hitches are different methods to attach a sling to a load 


The type of hitch used for a given application is deter- 
mined by a number of factors. A load with no preexisting 
attachment points usually requires the use of a basket or 
choker hitch. Choker hitches are also used to bundle a num- 
ber of pieces of material for a single lift. Basket hitches are 
commonly used when multiple hoist hooks are required. 

Both choker and basket hitches may also involve addi- 
tional wraps of the sling around the load in order to shorten 
the effective length of the sling or to provide additional 
friction between the sling and the load. Care should be 
taken that the wraps of the sling body do not cross and 
create a pinch point, which would reduce the strength of 

the sling. For web slings, the additional wraps of the sling 
may overlap but should not cross. 


The vertical hitch is the simplest rigging arrangement. 
One end of the sling is connected to a hoist hook and the 
other end to a load. See Figure 6-8. The vertical hitch al- 
lows the use of the full rated load of a sling (provided the 
attachments to the hook and the load are properly made) 
because there are no horizontal forces affecting the sling. 
However, a vertical hitch requires some type of attach- 
ment point on a load, such as a ring, an eyebolt, or a lug. 
The use of a single vertical hitch is more likely than 
other hitches to result in an unstable load, particularly 
with wide loads, unless the attachment point is con- 
siderably higher than the load’s CG. Any unbalance or 


shifting of a load can create an unsafe situation, unless 
a corrective force can be applied to keep the load level. 
For safety, control of the load must be established at the 
beginning of a lift and maintained throughout the lift. 
Therefore, a single vertical hitch configuration should 
only be used under a limited set of circumstances. For 
example, if the load will be hoisted not more than a few 
feet above the ground, a worker can usually provide the 
needed corrections to keep the load level. Otherwise, 
a tag line should be used. 


Vertical Hitches : 


Figure 6-8. Vertical hitches connect a single lift point on 
a load directly to a lifting hook. Rigging assemblies may 
include multiple vertical hitches. 


А sling’s rated load in a vertical hitch is typically the 
reference value that is derated when the sling is used 
at angles and in other arrangements. Identification tags 
cannot practically include rated load information for 
every possible hitch and angle, but will always include 
the vertical hitch rated load. With this information, rated 
loads for other hitches can be determined. 
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3BasketHirhas 

A basket hitch is formed by passing a sling under- 
neath a load and then connecting both ends of the 
sling to a hook (or two hooks). Basket hitches can 
be used to cradle a load for lifting. See Figure 6-9. 
An advantage of a basket hitch is that it does not rely 
on lift point hardware on a load, such as eyebolts or 
lifting eyes. However, it does require space under a 
load both before and after a lift so the sling can be 
passed under the load. 


Basket Hitches 
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Figure 6-9. A basket hitch requires one end of a sling to be 
passed under a load and back up to a lifting hook. 


Another advantage of a basket hitch is that it ef- 
fectively doubles the rated load of the sling as long as 
the legs of the sling remain within 5? of vertical. This 
is because the load weight is divided between the two 
halves of the sling. However, if the ends of the sling are 
not vertical, a reduction of the rated load must be made 
based on the angle of the legs of the sling. 
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When grouping sling eyes together, such as in basket 
and bridle hitches, there are special safety consider- 
ations. See Figure 6-10. First, they should always be 
connected to a common hook or fitting, not to each 
other. For example, forming a basket hitch by connect- 
ing one sling eye to the other eye induces side loads 
on the second eye, which can cause it to fail. Second, 
the maximum allowable angle between the slings in a 
hook is 90°. If the angle formed by the slings is greater 
than 90°, a shackle or master link must be used as an 
interfacing device between the slings and the hook. 
Shackles and master links can accommodate sling 
angles up to 120°. A shackle used in this application 
should be installed with its pin in the hook and the 
slings gathered in its bow. 

Most basket hitch rigging requires two or more 
baskets. A single basket hitch is only appropriate 
with a load shape that allows the basket to remain 
completely above the load’s CG. Otherwise, the risk 
of slipping is too great. 


Forming Proper Basket Hitches 


GATHERED IN 


A factor to consider when using wire rope slings in 
a basket or choker hitch configuration is the size of the 
bend used to wrap around the load. A very small bend 
can put extra stress on the wire rope or even cause a 
permanent kink. Refer to the wire rope specifications 
for information on bending efficiency. 


OSHA prohibits the hoisting of compressed gas cylinders 


by means of choker hitches. Specially designed cylinder 
hoisting slings and cages are available and should be used 
for these tasks. 


Choker Hit 


Choker hitches are commonly used to attach slings to 
bundles of long materials, such as beams, tubing, and 
lumber. See Figure 6-11. When tension is applied, the 
sling constricts around the load, tightening the bundle 
and making it easier to manage. 


COMMON HOOK 


OR FITTING 


EYE CONNECTED 
TO ANOTHER EYE 


Figure 6-10. When forming a basket hitch, sling eyes must be grouped in a proper manner to prevent undue stress on the 


slings and slippage from the hook. 


Choker Hitches 


Figure 6-11. Choker hitches are particularly good for lifting 
bundles of long materials. The hitch tightly binds the materi- 
als to secure the load for lifting. 


However. the trade-off is that the bend created in the 
sling when forming the hitch reduces the sling’s rated 
load. The amount of reduction depends on the choke 
angle. See Figure 6-12. The choke angle is the angle 
formed at the choke between the vertical part of the 
sling and the part of the sling surrounding the load. Most 
slings used in a choker hitch retain 100% of their rated 
load if the choke angle is greater than 120°. For smaller 
choke angles, the rated Joad is reduced to a percentage 
of the vertical or bridle rated load. As the choke angle 
gets smaller, the bend in the sling is more severe, and 
the rated load is reduced further. (These percentages are 
applicable for synthetic fiber and wire rope slings. For 
chain and other sling types, consult the manufacturer.) 
Note that if a choker sling is used at an angle, this derat- 
ing applies to the rated load for that angle. 

When applying a choker hitch, the eye of the sling 
that forms the choker should never be beaten down 
against the load. This is sometimes done to tighten the 
hitch and increase friction between the sling and the 
load. However, this action decreases the choke angle, 
which reduces the rated load of the sling. A better 
practice is to use a longer sling and wrap it completely 
around the load one or more times. Also, a block or other 
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support material may be secured to the top of the load for 
the lower eye of the sling to bear against and maintain 
the proper choke angle. This supporting device should 
be secured so that it does not slip if tension on the sling 
is released during the hoisting operation. Finally, the 
sling should be long enough so that the choke is on the 
body of the sling and not on sling fittings. 


Choker Hitch Derating* 


CHOKE ANGLE < _- SUPPORT 


” BLOCK 


Choker Rated Load, 
As Percentage of 
Vertical or Bridie Rated Load 


Choke Angle 


Over 120° 
90° to 120° 
60° to 89° 
30° to 59° 
0° to 29° 


* for synthetic and wire rope slings; 
for chain and other slings, consult 
manufacturer 


Figure 6-12. Choker hitches put extra stress on a sling at 
the point of choke, which reduces the sling’s rated load. 


Rigging a load with a single choker hitch should be 
avoided because the load can shift and easily slip out 
of the hitch. If the single choker hitch configuration is 
necessary, a synthetic fiber sling with multiple wraps 
can be used to increase the friction between the sling 
and the load. 
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While most loads are hoisted in a horizontal orien- 
tation, some require hoisting in a vertical orientation, 
which presents additional difficulties. Approved below- 
the-hook devices, such as clamps, can be temporarily 
added to the load as mechanical stops. These stop the 
sling from shifting position or sliding off a vertical load. 

Choker hitches can cause significant wear on the 
inside of the eye where it contacts the sling body, par- 
ticularly for wire rope slings. To prevent this damage, a 
shackle can be used in the lower eye to form the choke. 
See Figure 6-13. A shackle would resist wear longer 
than the sling eye would and is easier to replace when 
necessary. A shackle should be connected with the pin 
inside the sling eye so that pulling on the body of the 
sling does not cause the pin to unscrew. 


Shackles in Choker Hitches 


POINT OF 
SIGNIFICANT WEAR 


PIN IN 
SLING EYE ^ 


~ SHACKLE 


Figure 6-13. Shackles can be used to form choker hitches 
so that a sling eye does not wear prematurely. 


Bridle Hitches 


А bridle hitch allows a load to be secured at more than 
one point, which increases load stability and allows 
greater control of the load. See Figure 6-14. Most 
bridle hitches consist of a group of slings connected to 
attachment points on а load similar to vertical hitches, 
except at an angle. The tops of the slings are gathered 
at a common hook or fitting. However, bridle hitches 
can also consist of a group of choker hitches and basket 
hitches. They become a bridle hitch because they are 
similarly joined at the top. 

A bridle hitch is rigged with a bridle sling. A bridle 
sling is an assembly of two or more sling legs, each with 
an end gathered together at a common end fitting. Bridle 
slings may be purchased as a prefabricated assembly or 
assembled in the field from individual slings. 


Bridle Hitches 


Figure 6-14. A bridle hitch is formed from multiple slings that 
are attached to the load at one end and gathered together 
at the other end, forming a triangle shape. Some rigging 
assemblies include multiple bridle hitches. 


A choker hook is used to quickly form a choker hitch on a wire 
rope without having to thread one end of the sling through the 
other end's eye. 


Prefabricated Bridle Slings. Bridie sling assemblies 
are often manufactured as a unit that cannot be disas- 
sembled or modified in the field. See Figure 6-15. These 
assemblies have sling legs joined at a master link, which 
isa steel ring. The master link must be rated to carry the 
combined load of all of the sling legs. If a single rated 
load is provided for a bridle sling, it is assumed to be 
for a 60° bridle hitch. 

If a prefabricated bridle sling has more legs than 
needed for an application, the unused legs should be 
secured to prevent them from interfering with the load 
or other rigging during the hoisting operation. The loose 
ends can be connected to the master link with а shackle. 


Prefabricated Bridle Sling 


MASTER r- RATED LOAD 
INKS INFORMATION 
APPLIES TO 
ENTIRE SLING 


PERMANENT 
ATTACHMENTS — 


END FITTINGS 
(VARY) 


Lift-All Company, Inc. 


Figure 6-15. Prefabricated bridle slings have sling legs 
permanently attached to a master link. 


Field-Assembled Bridle Slings. Bridle hitch configu- 
rations can also be assembled from individual slings 
and rigging hardware. When slings are grouped in a 
hook, they should sit in the base or bowl of the hook, 
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not on the tip, and not bind or overlap each other. 
Synthetic fiber slings are particularly prone to pinching 
or bunching due to limited space on a hook. To avoid 
these problems, a larger shackle or master link should 
be used. See Figure 6-16. 


асы off l/q € 4£^ only 
Shackles in Bridle Hitches 


MORE ROOM 
FOR GATHERING 
SLINGS — ў 


o SHACKLE 


SYNETHIC 
FIBER SLINGS 


Figure 6-16. Shackles can be used to form field-assembled 
bridle slings, particularly when all the sling eyes will not 
safely fit within the hoist hook. 


If a bridle hitch incorporates basket or choker 
hitches, there are some special considerations. First 
is the potential slippage of slings toward the center of 
the load. Second, when using synthetic web slings in 
low sling angles, the load may bear on only one edge 
of the sling material, which can damage the sling. See 
Figure 6-17. Both problems can be alleviated by using 
longer slings in order to increase the attachment sling 
angle. Alternatively, spreader or lifting beams can be 


. used to avoid these problems altogether. 


A bridle hitch is typically the most stable way to rig a load 
for hoisting, assuming that suitable lift points are available 
on the load.Bridle hitches are also versatile. Multiple bridle 
hitches can be nested to gather many lift points gradually 
into one. For example, bridle hitches can be used in tiers 
so that a single crane hook can be connected to many lift 
points. Lifting bars are also often used with bridle hitches 
to control sling angles. 
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Bridle Hitch Consideration 


„~ BRIDLE HITCH 
MADE FROM TWO 
BASKET HITCHES 


LOW SLING ANGLE 


SYNTHETIC 
WEB SLINGS ~~ 


SLINGS TEND TO 
SLIDE TOGETHER 


LOAD BEARS 
ON SLING EDGES — 


Figure 6-17. When using a pair of basket hitches as a bridle 
hitch, they may easily slide together under load, possibly 
causing load instability. Also, if synthetic web slings are 
used, the load may bear disproportionately on one edge, 
causing sling damage. 


SLING LOADS 


When selecting slings for a particular rigging applica- 
tion, the primary consideration is their rated loads. Each 
sling must be rated to withstand, with the appropriate 
safety factor, the maximum force that it will be subjected 
to in the proposed rigging configuration. Determining 
this sling loading involves two major factors: the por- 
tion of load weight it must support and the sling angle. 

A vertical sling experiences only the force of the 
portion of load weight it is supporting. See Figure 6-18. 
However, a sling loaded at an angle also experiences 
horizontal forces. The horizontal force is proportional 
to the sling angle; a smaller angle induces greater force. 
The vertical and horizontal forces combine to result in 
a total load on the sling that can be much greater than 
its portion of the load weight. 

The sling angle is used to adjust sling rated loads 
for nonvertical hitch configurations. The sling angle is 
the acute angle between horizontal and the sling leg. 
This angle is also referred to as the angle of loading 
or horizontal angle. The minimum recommended sling 
angle is 30°. Even if a sling had the rated load to with- 
stand the extreme horizontal forces at angles less than 
30°, the load or the lift points may still be damaged. If 
a sling angle of less than 30° is unavoidable, additional 


calculations must be made by a qualified person to 
determine whether these forces can be sustained by the 
load. Alternatively, a lifting beam can usually be used 
in order to avoid compressive forces on the load. 
Based on the sling angle and the portion of the load 
weight supported, the actual tension on the sling can be 
calculated. There are a number of methods for doing this. 


Sling Loads | 


SLING LOAD 
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LOAD PORTION) 


SLING LOAD (GREATER 
THAN LOAD PORTION) 


HORIZONTAL 
FORCES 


Figure 6-18. Vertical hitches experience tension equal to 
the weight they support. Slings used at an angle, however, 
experience tension greater than the load weight, due to the 
additional horizontal forces. 


A 


Many sling hitches form a triangle when under load. This geometry 
is used to determine the actual tension that is put on each sling. 


Load Triangles 


The most precise way to calculate the tension on a sling 
involves a load triangle. A load triangle is the right 
triangle formed by an angled sling and the horizontal 
and vertical forces acting on the sling. See Figure 6-19. 
The tension force along the sling can be calculated using 
simple geometry rules. 

First, the portion of the load weight supported by the 
sling must be determined. This is the vertical force compo- 
nent. This vertical force is then multiplied by a multiplier 
in order to determine the sling tension. This multiplier is 
based on the sling angle, so it changes for different sling ge- 
ometries. Greater sling angles produce smaller multipliers 
and therefore less sling tension, while smaller sling angles 
produce larger multipliers and greater sling tension. The 
multiplier can be determined by two different methods. 


Load Triangles 
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Figure 6-19. Determining a sling load requires consideration 
of the portion of the load weight supported and the horizontal 
force. Together, these forces form a load triangle. 
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L/H Ratio. The sling tension is proportional to the load 
weight portion in the same way that the sling length is 


proportional to the vertical distance between the load 
and the point of sling attachment. See Figure 6-20. 
When rearranged, the ratio between the sling length 
and rigging height becomes a simple multiplier for 
converting the portion of the load weight to sling ten- 
sion. This L/H ratio is shown in the following formulas: 


sling 


= — , which is rearranged as 


Nem 
m 
sling T H portion 
where 
Е. = tension force on sling (in Ib or t) 


sling 
L = length of sling (in ft or in.) 


H = vertical distance between lift point and upper 
point of attachment (in ft or in.) 
= portion of load weight supported by 
sling (in Ib or t) 


portion 


The standard ASME B30.9 Slings includes tables of rated loads 
for different types of slings in various sizes, configurations, 
and hitches. 


Ғ 


sling РЕҢ 


portion 


portion 


Figure 6-20. An L/H ratio can be used to easily calculate a 
sling load based on the lengths of the sides of a load triangle. 
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For example, a symmetrical 10,000 Ib load is to be 
rigged with two 8’-long slings. The point of attachment 
is 6’ above the load. Since it is symmetrical, the load 
supported by each sling will be 5000 Ib. 


it 
(Т? = == нн n 
5 
lE 000 
F = 1.33 x 5000 
Е, = 6650 1b 


sling 


Therefore, the slings and any other hardware used 
for hoisting this load must have a rated load of at least 
6650 ІҺ each in order to lift the load safely. 

The use of shorter slings increases the L/H ratio because 
it significantly decreases the vertical distance. For example, 
if 6’ slings are used with the same attachment points, the 
L/H ratio is approximately 2.12. Therefore, the load on each 
sling would be 10,600 Ib (2.12 x 5000 = 10,600). Note that 
an L/H ratio greater than 2 indicates that the sling angle is 
less than 30°, which is not recommended. 

This method can be used even if the actual length of 
the slings and the height of attachment are unknown. 
A ruler or other scale can be used from a distance, and 
the relative length of the sling can be compared to the 
height of the attachment. For example, a ruler is held at 
arm’s length and aligned with the sling. The apparent 
length of the sling is 6”. The ruler is then repositioned 
to determine the relative height of the attachment, 
which is observed to be 5”. The L/H ratio is therefore 
6/5 or 1.2. If the load weighs 6000 Ib, then the tension 
on each sling is 3600 Ib (1.2 x 3000 = 3600). 


Sling Angle Multiplier. Alternatively, the sling load 
multiplier is equal to the cosecant of the sling angle. 
Cosecant is a trigonometric function equal to the ratio 
between the hypotenuse and the opposite legs of a 
right triangle. The resulting sling tension calculation 
is represented in the following formula: 

ле ЖҮП 

where 

F iing = tension force on sling (in Ib or t) 

a = sling angle (in °) 
= portion of load weight supported by sling 

(in Ib or t) 


portion 


In the case of a load triangle, the cosecant is the 
same as the L/H ratio, which means that the result 
is the same multiplier as calculated with the L/H 
method. However, sometimes the sling angle mul- 
tiplier method is easier to use. The sling angle can 


\ 


L|. Sling Angle Multip 


be measured accurately using a protractor level, and 
the cosecant can be easily calculated with a scientific 
calculator or looked up in a trigonometric values 
chart. See Figure 6-21. (The cosecant function is the 
reciprocal of the sine function. If a calculator lacks 
the cosecant [csc] function, the sine [sin] and then 
reciprocal functions can be used instead.) 


Angle Cosecant 


Figure 6-21. A sling angle multiplier can be used to easily 
calculate a sling load based on the sling angle. 


For example, a protractor level is used to determine 
that a sling angle is 37°. The cosecant of the angle is 
1.662. If the load weighs 12,000 Ib, and each sling sup- 
ports half of the load, what is the tension on each sling? 


IF СТОИ 
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= 1.662 x 6000 
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sling 


Sling Load Charts 


Sling load calculations can be used to determine actual 
sling tension, which is compared to a sling's vertical rated 
load to determine if the sling is appropriate for a particular 
rigging arrangement. Alternatively, the rated load for a 
sling in a particular rigging arrangement can be looked 
up in a sling load chart. Note, however, that these charts 
may be used only for symmetrical rigging arrangements. 

A sling load chart includes the rated loads for 
various sizes of a certain type of sling in different 
hitches, including angled slings in bridle hitches. See 
Figure 6-22. Multiple sling angles are shown, usu- 
ally the standard sling angles of 90°, 60°, 45°, and 30°. 


(For rigging using angles between those shown on the chart, 
the smaller angle in the chart is used. This results in an 
approximated rated load that provides extra safety factor.) 

For example, a load is rigged, and the sling angle is 
527. Since the load chart does not include this angle. 
the next lower angle of 45* is used. If a two-leg, !/2", 
Grade 80 alloy chain sling is used, the 45” rated load 
is 17,000 Ib. Therefore, the load could weigh up to 
17,000 Ib and be hoisted safely using this sling as- 


Chapter 6—Slings and Sling Hitches 91 


working load for the sling assembly would be only 
12.000 Ib. 

Sling load charts are included in the standard ASME 
B30.9, Slings for all types of slings. Selected sling load 
charts are also often reprinted by manufacturers and 
safety agencies for job site use. However, note that some 
manufacturers publish sling load charts that apply to their 
products only. In particular, color code charts for synthetic 
roundslings are not universally applicable. Therefore, 


sembly. If the sling angle was 38^, the rated loads 
for a sling angle of 30* would be used, and the safe 


slings must be carefully checked to ensure that they are 
the same type as those referenced by the charts. 


| Sling Load Charts - | 
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Figure 6-22. Sling load charts can be used to rectly look up the rated toad for a certain sling type in common hitch 
configurations. 
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RIGGING EQUIPMENT 


MAINTENANCE 


INTRODUCTION 


The maintenance of rigging equipment includes inspection, storage, and 
recordkeeping. These are critical aspects of maximizing the safety of rigging 
and hoisting operations. While inspections do not guarantee against failures, 
most problems сап be detected through careful and diligent checks by quali- 
fied persons. Inspections can identify damaged equipment early so that it 
can be replaced or repaired before use. Careful recordkeeping keeps track 
of the rigging equipment inventory, including those items showing early 
signs of progressive damage.Equipment should be stored in a protected and 
organized manner in order to keep the equipment clean, dry, and ready for 
immediate use. DA 


OBJECTIVES 


* Describe and compare the different types of rigging equipment inspections. 
* List common equipment inspection criteria. 

e Describe the actions needed to address damaged equipment. і 
* Describe the requirements and procedures for equipment recordkeeping. ІН i 
* Evaluate the importance of ensuring equipment is stored clean and dry. 
* Detail proper rigging equipment storage conditions. 
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RIGGING EQUIPMENT INSPECTION 


All rigging slings, attachments, hardware, and fittings must 
be regularly cleaned and individually inspected. Inspection 
is a critical part of maintaining rigging equipment. Dam- 
aged equipment must be dealt with promptly to avoid not 
only safety hazards but also operations downtime resulting 
from a lack of proper equipment being available. 


Inspection Types 


The use of standardized inspections, conducted by com- 
petent persons, is necessary for maintaining an inventory 
of safe and appropriate rigging equipment. All rigging 
equipment must undergo three types of inspections: initial 
inspection before being placed in service, periodic inspec- 
tion at certain intervals, and frequent inspection before 
each use. See Figure 7-1. 


Initial Inspections. An initial inspection 15 a rigging 
equipment inspection performed before the equipment is 
placed into service in which a designated person ensures 
that the equipment meets the applicable government 
regulations and industry standards. It also must meet the 
required specifications for the loads and lifting condi- 
tions of its expected use. 

Equipment that does not meet the initial inspection re- 
quirements may have a manufacturing defect, an improper 
label, or shipping damage. Alternatively, the equipment 
may be in good condition but not appropriate for the 
application needed, due to either ordering or fulfillment 
error. In all of these cases, the equipment manufacturer 
should be consulted for advice on returning the equipment 
and obtaining a suitable replacement. 


Periodic Inspections. A periodic inspection is a thor- 
ough rigging equipment inspection performed at regular 
intervals. The recommended interval depends on the 
type of equipment and the conditions of use. Periodic 
inspections are performed on at least an annual basis 
by a designated person under normal service condi- 
tions. Inspections should be performed on a monthly to 
quarterly basis if the conditions of use are severe, and 
even more ftequently if a qualified person determines 
that special service use requires additional inspections. 
Inspections must be timed so that equipment is removed 
from service before its condition poses a hazard with 
continued operation. 

Periodic inspections are performed even if the equip- 
ment has not been used during the inspection interval. 
Besides improper use, poor storage conditions can also 
cause damage, such as corrosion or mold. Maintain- 
ing the periodic inspection schedule even when the 
rigging equipment is not regularly used helps ensure 
that proper equipment is available when it is needed. 
In particular, damaged equipment can be replaced or 
repaired without the added pressure of immediate need 
as a time constraint. 


Frequent Inspections. A frequent inspection is a rig- 
ging equipment inspection performed at the beginning 
of each workday or shift by the user of the equipment, 
or by another designated person. This inspection is less 
thorough than the other types, but it is critical to ensure 
that damaged equipment is not inadvertently used. It 
may be advisable to have a few spares of certain equip- 
ment types available at a critical rigging and hoisting job 
in case some equipment is determined to be unusable 
during this inspection. 


Rigging Equipment Inspection Types | 
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Figure 7-1. The three types of rigging equipment inspections, initial inspection, periodic inspection, and frequent inspection, 
are performed at different times during the useful service life of the equipment. 


Inspection Checklists 


All types of inspections are intended to identify critical 
defects or damage to the equipment, including damage 
to its identification or specification tags. Some signs of 
damage are quantified in order to determine whether 
the damage is great enough to necessitate removing 
the equipment from service. For example, scratches 
on metal fittings are generally not a problem, but deep 
gouges may be a problem. Therefore, in addition to vi- 
sual examinations, inspection activities may also include 
a few types of measurements. See Figure 7-2. Simple 
measuring tools for angle, length, and depth may be 
required for determining whether the equipment remains 
within allowable specifications. 


Inspection Measurements 


Figure 7-2. Some inspections may require the use of mea- 
suring tools to determine whether the equipment remains 
within allowable specifications. 


The exact list of inspection criteria depends on the 
type of equipment and other factors. Applicable regu- 
lations and standards specify many minimum inspec- 
tion criteria. Industry and company rules may impose 
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additional requirements. However, there are many cri- 

teria common to all inspection checklists. Generally, all 

rigging hardware should be inspected for the following 

deficiencies as part of frequent or periodic inspections: 

* missing or unreadable manufacturer's identification 

* missing or unreadable rated load 

* deformation from twisting or bending 

* elongation from overloading 

* misaligned, incomplete, or improper engagement 
of pins 

* excessive thread damage 

* hook throat opening increased by more than 5% 
or 4” 

* malfunctioning or inoperative hook latches 

* signs of exposure to excessive heat, welding spatter, 
or having been welded on 

* excessive corrosion or pitting 

* cracks, nicks, or gouges 

* wear exceeding 10% of the original cross section 
dimensions 

* evidence of modification by improper machining 
or grinding 

* inoperative swivels 

* signs of fatigue in sections of rope or slings with 
frequent loading and bending, such as over pulleys 
or around loads 

e damage to rope or sling ends that terminate at fittings 


Damaged Equipment 


If damage is found, the component should be imme- 
diately removed from service, stored separately, and 
marked as defective to warn against use. See Figure 7-3. 
In most cases, the equipment cannot be appropriately 
repaired and must therefore be promptly destroyed and 
replaced. Given the substantial requirements of proper 
repair, it is likely that replacement is often the more 
economical choice. However, when repairs are feasible, 
they must be performed by a qualified person using 
the guidelines of the manufacturer or the appropriate 
ASME standard. Some equipment can be returned to the 
manufacturer for repair. Unqualified personnel should 
never attempt repairs. 

If signs of damage are discovered that do not yet ex- 
ceed allowances, the equipment is permitted to remain 
in service. However, it may be necessary to increase the 
frequency of subsequent inspections in order to moni- 
tor any changes in the potential problem. This requires 
careful recordkeeping to identify and track individual 
pieces of equipment. 
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Tagging Damaged Equipment 


Figure 7-3. To prevent its inadvertent use, damaged 
equipment must be promptly tagged as such until it can 
be destroyed or repaired. 


RIGGING EQUIPMENT RECORDKEEPING ` 


Written records of the use and inspection of all rigging 
equipment should be created for each new item. A se- 
rial number is issued to and marked permanently on 
each component, which is used to identify it on each of 
its inspection records. The inspection records may be 
kept on paper or electronically. However, either way 
the inspection records are kept, they should be neat 
and organized. 

The types of information and level of detail in the 
inspection records may vary depending on the appli- 
cable requirements and the amount of rigging done 
by the user. The minimum recommended informa- 
tion on an inspection document includes the serial 
number, manufacturer, size, rated load, attachments, 
condition notations for each component, and whether 
the component must be removed from service. See 
Figure 7-4. Additional information typically includes 
the date, department, inspection type, rigging type, 
and the name of the inspector. Records for frequent 
inspections may also include the dates, hours, and lo- 
cations of each use, along with the lifting conditions. 


RIGGING EQUIPMENT STORAGE 


Proper care, use, and storage of rigging equipment helps 
prevent damage and increase safety. Rigging equipment 
should be kept in a designated and organized area that 
is clean, dry, and away from harmful fumes or heat. 
Also, organized storage that keeps equipment sorted 
by type and size helps riggers locate necessary equip- 
ment quickly. 


Equipment Cleaning 


All rigging equipment should be clean and dry before 
being stored. However, regular use often exposes the 
equipment to moisture and contaminants. Since rig- 
ging equipment is often used outdoors, it is commonly 
exposed to dirt and water while in service. Contamina- 
tion with grease and oil lubricants from either hoists or 
loads is also a common problem for both indoor and 
outdoor service. Exposure to certain other chemicals 
may not be cleanable and will render equipment per- 
manently damaged. 

Dirt should be wiped or brushed off, although it 
may be necessary to wash equipment with clean water 
or solvent to remove embedded or excessive amounts of 
dirt. Dirt is particularly likely to get into the weave of 
synthetic fiber rope and slings. The abrasive action of the 
dirt wears on fibers and can weaken the rope or sling. If 
the accumulation becomes excessive, it may be neces- 
sary to wash the equipment using a pressure washer, if 
permitted by the manufacturer’s cleaning guidelines. 
Removing dirt and grit from mating or moving parts, 
such as pulley bearings, threaded pins, and hook latches, 
may require disassembly and reassembly by a quali- 
fied person. Grit in these components may cause the 
parts to seize or even permanently damage the mating 
surfaces when they are used again. 

Wet equipment must be thoroughly dried in order 
to avoid damage from corrosion, mold, mildew, or rot. 
Hardware and attachments may only require a wipe-down 
with clean cloths, but rope and synthetic slings require 
gradual drying in fresh, circulating air before storage. 


It can be convenient to conduct periodic inspections while 


already engaged in cleaning, organizing, and storing rigging 
equipment. In particular, the cleaning process helps uncover 
signs of damage and wear. 
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Rigging Inspection Record 2 


Rigging Inspection 


Date _ een 8 0 8 — 0 0 Department _ Shipping —— ^ ——  - 


Inspector J. 9mith Inspection Type Monthly 


Rigging: Wire Rope / Fiber Rope /(Web Slings Round Slings / Chain / Other 


Serial ( Rated Removed 
Number Manufacturer Size Capacity Attachments Condition from 
Service? 


NB Slings 9600 triangles 


--- ل 


YES 


IP Sla : ” 1/ : 2 
В Slings Ie” edge tear destroyed 


ees 


light wear N 


VES 
Lift-Tech í unreadable tag returned to 
mfr. 


Figure 7-4. Inspection documents are often used to organize information about rigging equipment inspections. 


Rope Storage then over the top of the coil to secure it. To release, the 
loop is flipped back over the top of the coil, pulled back 
through, and unwound. Once coiled, a rope should be 
stored іп a dry location, out of direct sunlight. 


Rope should be stored on spools or rolled into coils. 
Coiling rope usually requires twisting as it is looped so 
it lies flat. When uncoiling, the rope must be untwisted. 
See Figure 7-5. If the rope is pulled from the coil without 
untwisting, it will not lay flat and may kink if the loops 
are drawn tight. 

There are two coiling techniques for avoiding this 
problem. (These techniques can also be used with electri- 
cal cords.) First, the overhand-underhand technique adds 
twists to the rope in opposite directions for each successive 
loop. This balances the overall twist in the rope so that it 
will uncoil smoothly. Alternatively, coiling the rope into 
a figure eight avoids the need to twist the rope. This also 
helps avoid tangles when the rope must be uncoiled from 
the starting end. This pattern takes up a lot of space, how- 
ever, so it is typically suitable only for temporary storage. 

Once a rope has been coiled, it usually needs to be 
secured in some way to maintain the coil. A simple way 
to do this is to tie a buntline coil. This is formed by taking 
the last few feet of the rope and wrapping it around the 


coil four or five times. See Figure 7-6. A loop from the Proper organization and storage of ropes helps keep them clean and 
working end of the rope is pulled through the coil and undamaged. 
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Coiling Rope 


NO TWIST 
NEEDED ~ 


-NEXT LOOP 
WITH TWIST 
IN ONE 
DIRECTION 


NEXT LOOP 
WITH OPPOSITE 


^ LOOPS THAT 
CAN CAUSE 
KINKS 


REGULAR COILING FIGURE-EIGHT COILING 


OVERHAND-UNDERHAND 
COILING 


Figure 7-5. Regular coiling and uncoiling of rope require significant twisting and untwisting to avoid kinks. Alternatively, the 
overhand-underhand and figure-eight coiling methods can be used to avoid kinks and make uncoiling easier. 
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Figure 7-6. A coil of rope can be secured with a buntline coil for storage. 


Sling Storage 


Synthetic fiber slings are vulnerable to degradation from 
ultraviolet light so they should be stored out of sunlight 
and away from areas used for arc welding. Slings should 
be neatly hung from racks, preferably vertically, and 
never left in locations where vehicles or forklifts may run 
over them or where heavy loads may be set on them. See 
Figure 7-7. Slings should not be dragged over abrasive 
surfaces or sharp objects. Ideally, slings should be stored 
organized by size and/or type to make selection easier. 


Hardware Storage 


Hardware components are typically more durable 
than most slings and are much smaller, so they can 
be stored together in groups. Facilities with a lot of 
rigging hardware often store their hardware in one or 
more large cabinets or other containers commonly used 
for construction or maintenance equipment. Shelves 
and compartments in these units may be used to sort 
hardware by type or size. Hardware is also commonly 
stored on wall hooks if they can be arranged in a way 
that avoids tangling. 
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Sling Storage b 


Figure 7-7. Equipment should be stored in a neat and 
organized manner that keeps the items clean and dry. 
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INTRODUCTION 


Rigging hardware includes the devices used to connect lifting slings to the 
hoist and load. The individual features of the various types of hardware make 
them each suitable only for certain rigging arrangements. Rigging hardware 
selection is critical for ensuring a safe and successful lift. Each component 
in the rigging arrangement must have a sufficient size and strength for its 
selected application. 


OBJECTIVES Dah 
* Differentiate between the types of hooks and their uses. | 


* Differentiate between the types of shackles and their uses. 
* Differentiate between the types of eyebolts and their uses. 


* Describe the uses of eyenuts, swivel hoist rings, turnbuckles, links, lifting | |. 
beams, trolleys, апа beam clamps. H ? 
* Listthegeneral inspection criteria for removing rigging hardware from service. 214 
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HARDWARE ATTACHMENTS 


vare is the category of 
components used to connect loads 
to slings, slings to slings, and slings 


to hoist hooks. The choice of rigging _, Flash Cards: 
9с С Rigging Hardware 

hardware can be critical, as it helps man- qr.njatcdb.org 
Item 81281 


age the lifting forces and keep the load 
under control. Rigging a load with the 
improper hardware attachments or using the attachments 
improperly can cause equipment failure or allow the load 
to shift into an unsafe position. 

Some attachments are added to а sling when it is manu- 
factured. In these cases, the rated load of the entire sling 
should already account for the strength of the attachments. 
However, various attachments can be purchased separately 
and attached individually. A rigging assembly is only as 
strong as its weakest component, so the strength of each 
added attachment and hardware must be considered. At- 
tachments must be used for their intended purpose and in 
accordance with the manufacturer's instructions. 

Rigging hardware is designed and manufactured to 
have sufficient ductility to deform before losing the abil- 
ity to support the load. Therefore, makeshift hooks, links, 
or fasteners should not be used, since their strengths are 
unknown. Hardware that has not been designed for lifting 
may fail suddenly and catastrophically without deforming 
or giving visual clues that it is overloaded. 


Hooks 


A hook is usually the primary link between the rigged 
load and the hoisting equipment. A is a curved 
implement used for quickly and temporarily connecting 
rigging to loads or lifting equipment. Hooks are made in 
various designs and sizes. The primary design variations 
are based on the shape of the hook, method of attach- 
ment, and [atch arrangement. See Figure 8-1. Hooks 
are available in many combinations of these designs. 

The most common hook design is the hoist hook. A 
hoist hookis a hook with a rounded shape that is suitable 
for most rigging and lifting applications. SIMI hook 
shapes are used for special applications. A choker hook i 
a sliding hook used to form a choker sling when hooked 
to a sling eye. A grab hook is a hook that can engage and 
securely hold a chain link. A grab hook can also be used 
to shorten a chain sling leg. A foundry hook is a hook 
with a wide, deep throat that fits the handles of molds or 
casting. A sorting hookis a hook with a straight, tapered 
tip that can be used to directly hold plates, cylinders, 
and other shapes that allow full engagement. 


Hooks used for rigging must always have some type of latch 


mechanism to keep the hook from disengaging inadvertently 
from the attachment point. 
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Figure 8-1. Hooks are available in a variety of shapes, attachment methods, and latch arrangements. 


The top portion of a hook provides a means to attach 
the hook to a hoist. Other hardware is typically needed 
to make this attachment to a rope or chain. Also, swivel 
hooks aliow the hook to turn without twisting the hoist- 
ing line. However, a regular swivel hook is used only 
as an aid for positioning the hook and is not intended 
for load rotation. Special load-rotation swivel hooks 
equipped with roller bearings are available for such 
applications. 

On hoist and choker hooks, latches are usually re- 
quired to prevent slings or other lifting hardware from 
slipping out of the hook. A latch is а load-operated jaw, 
rotating gate, or spring-loaded clip that closes off the 
opening of a hook. Unless a qualified person determines 
that a load can be lifted more safely without the use of 
latches on the hooks, the latches must be present and 
operational on the hooks of all hoisting equipment. Care 
should be taken to ensure that loads are supported by 
the hook and not by the latch. 

Hooks are normally made of forged steel and are 
usually selected based on the rated load of the hoist, 
chain, or other rigging equipment to which the hook is 
attached. See Figure 8-2. Hoist hooks are heat treated 
with a quenching and tempering process that enhances 
their impact, ductility, and fatigue properties. For this 
reason, hooks should not be welded on or subjected to 
high temperatures, such as being heated by a torch, in 
order to attempt a repair. Hoist hooks are designed to 
deform when they are overloaded, rather than breaking 
unexpectedly, and improper heating or cooling will 
reduce the strength of the hook and may cause it to fail 
before deforming. Also, heat can reduce the strength 
of hooks, so they should never be used at temperatures 
above 400°F (204°C) without the approval of the manu- 
facturer or a qualified person. 

Hooks must be attached to loads in such a way that 
the hooks are fully engaged and loaded in-line. The load 
should be supported from the base of the hook, also 
called the “bow!” or “зад е,” and not from the tip. See 
Figure 8-3. When used at angles other than vertical, the 
tip of the hook must point outward in order to reduce the 
chance that the hook will slip off the lift point. Hooks 
must not be loaded on the side, back, or tip. 


Most rigging hardware must include durable identifying 
marks on the body of the device. All devices should include 


the manufacturer's name and the size and/or rated load. 
Some devices may also include markings such as angle 
indicators, alloy grade, or installation torque. 
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Rated Loads* of Hoist 


Material 


Opening! Carbon Steel Alloy Steel 


3000 


1.00 
1.36 


* in Ib, with a safety factor of 5 
“іп in. 


Figure 8-2. Larger hooks have greater load capacities. 
However, hooks are often identified by their rated loads in 
tons or pounds, rather than size. 


Proper Hook Loading 


SYNTHETIC 
ROUNDSLING 


TIP POINTS 
OUTWARD 


Figure 8-3. Hooks should be arranged so that loads are in 
the base of the hook, where they are less likely to slip out. 
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When a hook is used to collect two slings, the maxi- 
mum included angle is 90°. Some manufacturers include 
45° (from vertical) angle marks on the hook to ensure 
compliance. See Figure 8-4. For collecting more than 
two slings, shackles or master links must be used. 


Maximum Included Angle for Hoo! 


MAXIMUM INCLUDED ANGLE FOR 
TWO-SLING RIGGING IS 90° 


The Crosby Group, Inc. 


( Figure 8-4. Hooks typically include 45° (from vertical) angle 
"marks to indicate the maximum included angle for rigging 


with two slings. 


Shackles 


А shackle is a U-shaped metal connector with holes 
drilled into the ends for receiving a removable pin or bolt. 
When assembled, the shackle forms a complete loop that 
is used to securely connect other rigging equipment. The 
removal of the pin or bolt opens the loop. A shackle is 
commonly used to make the connection between the rig- 
ging assembly and the hoisting hook, though it can also 
be used for other purposes. Shackles are made in various 
shapes and pin designs. See Figure 8-5. The shape of 
the shackle may determine how many and what type of 
slings (wire rope, web sling, chain, etc.) can be collected. 


Screw-pin shackles have threaded pins that are 
screwed into a threaded hole in the opposite "ear" of 
the shackle. To be properly used, the screw pin inust be 
fully engaged and the shoulder must be snug against 
the body of the shackle. These shackles are appropriate 
for a variety of temporary rigging applications. Long- 
term use or other in-house safety requirements may 
require that the pin of a screw-pin shackle be wired, or 
“moused,” tó the body of the shackle to prevent the pin 
from unscrewing. 

Bolt-type shackles use a bolt-like pin that is passed 
through both ends of the shackle and secured with a nut 
and cotter pin. Bolt-type shackles are commonly used 
for a variety of more permanent rigging applications, but 
they may also be required for all applications in some 
facilities because of their higher level of safety. The cot- 
ter pins should be retained and maintained. Cotter pins 
should not be substituted with bits of wire, welding rod, 
or other objects. Round-pin shackles, which use only 
a cotter pin to secure the main pin, cannot be used for 
most lifting applications. 

The strength of a shackle is determined by its steel 
composition, manufacturing and heat treatment pro- 
cess, and size. See Figure 8-6. While lifting shackles 
use an alloy steel pin, the body of the shackle may be 
made of either carbon steel or alloy steel. An alloy steel 
shackle is significantly stronger than a comparably 
sized carbon steel shackle. Shackles are marked with 
the manufacturer’s name or trademark, rated load, and 
size. The size is based upon the thickness of the bow 
and not on the diameter of the pin. 

The orientation of a shackle in use is important. Side 
loading should be avoided. For example, when a shackle 
is used to connect two other pieces of rigging equipment, 
one connection must be on the pin, and the other must be 
in the base of the bow. Washers may need to be placed on 
both sides of the shackle pin in order to maintain align- 
ment. The shackle must not be loaded with these two 
forces on the sides of the bow, which will tend to pull 
the bow open and distort the shackle. 

In some cases, the shackle may be side-loaded. For ex- 
ample, shackles may be attached to a lift point and pulled 
from the side. However, the rated load of the shackle will 
be reduced by up to 50%, and the direction of force can- 
not exceed 90° from the in-line position. See Figure 8-7. 

When multiple rigging slings are collected in a 
shackle, they should all bear on the bow, with the lift 
hook centered on the pin. The included angle between 
the slings must not exceed 120° in order to prevent 
excessive side loading. 


Anchor 


|. -THREADED 
¥ SHACKLE 
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Synthetic Sling 


NOT ALLOWED 
FOR MOST 
RIGGING 


NUT 


UNTHREADED 
SHACKLE 


Bolt-Type 


PIN TYPE 


Figure 8-5. The most common shackle shapes are the anchor, chain, and synthetic sling types. Shackle pin designs include 
screw pins, bolt-type pins, and round pins, though round pins are not allowed for lifting applications. 


Rated Loads* of Anchor Shackles í 


з inside ; Material 
: Nominal : Pin 
Width Carbon Alloy 


Size! à Diameter! 
atPin | Steel Steel 


14,000 
19,000 
25,000 
30,000 
36,000 
42,000 
60,000 


* in Ib, with a safety factor of 5 

tinin, 

Figure 8-6. Shackles are identified by their size, inside 
width, and pin diameter. Larger shackles provide greater 


load lifting capacity. 


LIFTING 


7% LOADING 


Percentage of 
Rated Load 


Loading Angle 


Less than 5° 100% 
6° to 45° 70% 


Figure 8-7. When shackles are used in a way that applies 
force at an angle, the rated load is reduced. 
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When using shackles as part of a rigging project, 
some general rules should be followed. Shackles should 
never be overloaded. Shock loading of the shackle and 
contact with sharp edges should be avoided because the 
shackle could be damaged. Shackles should be oriented 
so that the screw pin will not unscrew as the load is 
lifted. When using a shackle to form a choker with a 
bridle sling, the shackle pin should be in the eye of the 
sling and not against the body of the sling. Common 


bolts should never be substituted for the alloy pins of 


a shackle. 


Eyebolts 


Some loads are preequipped by the manufacturer with 
lift points, which simplifies balancing, rigging, and 
lifting. The lift points may or may not already include 
fasteners, such as eyebolts. An eyebolt is a bolt with a 


_looped head that is fastened to ат ба to provide а lift 


point. See Figure 8-8. Eyebolts are attached by screw- 


ing them into a threaded hole or inserting an eyebolt 
shank through a hole and securing the eyebolt with a 
nut. Eyebolts are also known as lifting eyes. 


Eyebolts 


NOT ALLOWED 
FOR RIGGING 


SHOULDER 


FULLY 
THREADED 


FORMED STEEL MACHINERY 


1 — SHOULDER 


PARTIALLY 
THREADED 


NO SHOULDER ` 


PARTIALLY 
THREADED 


NUT = NUT 


REGULAR NUT SHOULDER NUT 


Figure 8-8. Forged machinery or nut eyebolts are used in 
various rigging and lifting applications. 


The load capacity of an eyebolt is greatest when it 
is pulled vertically, in a direction directly opposite to 
the shank. Eyebolts with a shoulder may be loaded at 
other angles, but only within the plane of the loop. Also, 
when forces are angular, the effective capacity of the 
eyebolt is reduced. See Figure 8-9. Specific rated load 
information must be obtained for a particular eyebolt 
because they can vary significantly between manufac- 
turers. However, general rated loads of eyebolts may 
be used as a primary estimation when designing lifting 
assemblies. See Figure 8-10. 


Eyebolts Loaded at an A 


LOADING 


rdi 


MACHINERY 
EYEBOLT 


REDUCED 
CAPACITY 


Loading Percentage 
Angle of Rated Load 


(Sj 6) 115) 55% 
16° to 90° 25% 
Over 90° 


Not recommended 


Figure 8-9. Eyebolts have the greatest load capacity when 
used with in-line forces. The capacity at other angles is 
reduced. 


Rated Loads* of Shouldered Eyebo 
Angle of Pull 
45° 


Eyebolt 
Size! 


* in Ib 
tinin. 


Figure 8-10. Rated loads at various angles are sometimes 
available from manufacturer tables. 


The loop of an eyebolt may be formed or forged. 
Formed loops are rods that are bent around to form 
a loop. Because one end is open and the steel was 
deformed to make the loop, these loops are not strong 
enough for lifting applications and should not be used. 
Forged loops are pressed into their closed-loop shape 
in a process that keeps the steel strong. Only forged 
steel eyebolts should be used for lifting applications. 
The common types of forged eyebolts are machinery 
and nut eyebolts. 


Machinery Eyebolts. The machinery eyebolt is the 


most commonly used type of eyebolt. Machinery 
eyebolts have a shoulder and a fully threaded shank. 
A machinery eyebolt must be screwed in until the 
shoulder is tightly against the load. The threaded hole 
must be deep enough to ensure that the threads of the 
eyebolt are engaged by at least 112 thread diameters. 
See Figure 8-11. A shim or washer may be used to 
create a tight shoulder-to-load fit if the threaded hole 
is too short, but only up to the thickness of one thread 
pitch. This allows the eyebolt to be tightened against 
rotation during the lift. 

A shim or washer can also be used to adjust the 
eyebolt orientation so that an angular lifting force 
remains in the plane of the eye. See Figure 8-12. 
With the proper shim thickness, the eyebolt will be 
in proper alignment after being fully tightened. The 
shim thickness is determined by the size of the eyebolt 
and how much it must be turned (unthreaded) to be 
aligned properly. Also, the inside diameter of the shim 
or washer must be matched to the size of the eyebolt. 
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Machinery Eyebolts x 


MACHINERY 
ЕМЕВО 2 


% 


COUNTERSINK ~S 


7 SHOULDER МОТ 
FLUSH WITH LOAD 


LOAD 


NEVER 
UNDERCUT 
SHANKS 


Figure 8-11. Machinery eyebolts must be threaded into a 
load until the shoulder is tightly against the load surface. 


Ere 
OPENING ^_^ 


SHIM ADDED TO 
CHANGE EYE 
ALIGNMENT 


Shim Thickness for 90° Rotation 


Eyebolt Size Shim Thickness* 


14 0.0125 
5/16 0.0139 


3% 


Figure 8-12. When used in rigging that applies angular 
forces, eyebolts must be turned until the loop is in-line with 
the rigging. A shim can be used to achieve the proper orien- 
tation while the eyebolt shoulder is snug up against the load. 
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Nut Eyebolts. Nut eyebolts are not fully threaded and 
require nuts to be secured in place. These eyebolts 
are often used when the thinness of the load material 
prevents the proper use of machinery eyebolts. In these 
cases, nut eyebolts are installed into either threaded or 
unthreaded through holes. Nut eyebolts include regular 
nut eyebolts and shoulder nut eyebolts. 

Regular nut eyebolts are not permitted for rigging 
in some jurisdictions due to their lack of a shoulder. 
Often, they are only permitted for special circum- 
stances and vertical pulls. For a threaded through 
hole in material that has a thickness greater than one 
eyebolt shank diameter, a nut secures the attachment 
from the bolt end. See Figure 8-13. For thinner mate- 
rials, a nut is required in both sides. For an unthreaded 
through hole, two nuts are firmly tightened against 
each other on the bolt end with a third nut on the 
loop side. 


Regular Nut Eyebolts 
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Some rigging hardware and equipment may be painted slightly as 
a color code for size or length. 
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Figure 8-13. Regular nut eyebolts use one to three nuts to secure the eyebolt against the load. 


When a shoulder nut eyebolt 15 used, the threaded 
portion of the shank must protrude through the load 
enough to allow full engagement of the nut. See Fig- 
ure 8-14. Washers are used when the unthreaded por- 
tion of the shoulder nut eyebolt protrudes so far that 
the nut cannot be tightened securely against the load. 
The washers should only be installed on the nut side 
of the eyebolt and not between the shoulder and the 
load. Shoulder nut eyebolts may be loaded at angles 
other than in-line, though there will be a corresponding 
reduction in load capacity. 


Eyenuts 


Eyenuts are another way to provide convenient rig- 
ging attachments to load lift points. An is a 
loop-shaped nut that is fastened to a loa ide a 
lift point. See Figure 8-15. Eyenuts are only used with 
Through holes. A bolt is inserted into the through hole 
and fastened with a fully engaged eyenut. A separate 
regular hex nut may also be used to further secure 
the eyenut. The resulting arrangement is similar to 
an eyebolt. Eyenuts are suitable only for vertical 
lifting forces. 


Shoulder Nut Eyebolts | 


WASHER 
THICKNESS —/ 


Figure 8-14. Shoulder nut eyebolts have a shoulder that 
can be placed tightly against the load surface and require 
a nut to secure the opposite end. 


Figure 8-15. Eyenuts provide a loop-shaped lift point when 
used with a bolt or threaded stud. 


Like eyebolts, the plane of an eyenut may be adjusted with 
the appropriate shim or washer. However, since an eyenut 
may be loaded only vertically (in-line with the bolt), this is 
typically necessary only when the eyenut is in a tight space 
and turning it makes it easier to attach the connecting 
hardware. 


load to provide a lift point. 
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Swivel Hoist Rings 


Swivel hoist rings are similar to eyebolts, except that they 
can rotate under load without unfastening. A swivel hoist 
ring 15 а freely rotating attachment that is fastened to a 
igure . [his allows 
the swivel to rotate to remain in alignment with the lifting 
slings. It also prevents the side loading that might occur if 
the eyebolts were improperly aligned or if the attachment 
hardware were to snag or bind on fixed eyebolts. Shims or 
washers must not be used between the base of the swivel 
and the load, and the mounting bolt must be torqued in 
accordance with the manufacturer's recommendation. 


Swivel Hoist Rings 


Figure 8-16. A swivel hoist ring provides a loop-shaped lift 
point that can swivel and rotate. 


Turnbuckles 


A turnbuckle is an adjustable-length attachment used 
for connecting other rigging components. A turnbuckle 
"consists of a pair of threaded fittings screwed into a metal 
body. See Figure 8-17. The fittings are commonly two 
eyebolts, though they may also be any combination of 
eyebolts, hooks, or pinned jaws. The body is an open 

or pipe-type frame. 


110 RIGGING, HOISTING, and SIGNALING PRACTICES 


Turnbuckles 


DIRECTION FOR 
LENGTHENING THE 
TURNBUCKLE < 


DIRECTION FOR 
SHORTENING THE 
TURNBUCKLE 


LEFT-HANDED 
THREAD 


FITTING 


Figure 8-17. A turnbuckle is a pair of threaded fittings 
screwed into the opposite ends of a frame body and can 
be adjusted for length by twisting the frame in relation to 
the fittings. 


One fitting has a right-hand thread and the other has a 
left-hand thread. Due to this arrangement, when the ends 
are constrained, the overall length of the turnbuckle can 
be adjusted by rotating the body. Rotating one direction 
lengthens the turnbuckle, while rotating the other direc- 
tion shortens it. A common open-ended wrench is used to 
adjust a turnbuckle by applying it to the flats on the body. 

Turnbuckles are typically used in complex rigging 
applications where an asymmetrical load requires slings 
of different lengths. Turnbuckles are used to achieve 
exactly the right length to keep the load level and stable. 
See Figure 8-18. The length that the turnbuckle is ad- 
justed depends on its size, though it is generally short 
compared to the length of the rigging. Therefore, slings 
should be chosen as close as possible to the desired 
length while also accounting for the overall length of 
the turnbuckle, which is then used to make fine length 


adjustments. The full engagement of the threads be- 
tween the fittings and the body of the turnbuckle must 
be ensured in order for safe operation. 


Using Turnbuckles to Adjt 


№ 
ES ORIGINAL 
T zl TURNBUCKLE LENGTH 
4 


FRAME 1$ ROTATED 
TO SHORTEN 
TURNBUCKLE 


LOAD IS NOT 
LEVEL BECAUSE 
SLING IS TOO LONG 


TURNBUCKLE LENGTH 
15 SHORTENED 


LOAD IS LEVEL 


-- -- 


Figure 8-18. Turnbuckles are used to finely adjust sling 
length in rigging applications, which is most commonly 
needed for complex rigging of asymmetrical loads. 


Turnbuckles are designed only for in-line forces. 
Nothing should be attached to the body that pulls on the 
turnbuckle from the side. When installed for long-term 
use or when vibration may loosen the turnbuckle, the 
body may be secured against rotating through the use of 
pins, safety wires, or nuts. See Figure 8-19. If nuts are 
used, they should be tightened only enough to prevent 
rotation of the barrel. Overtightening the nuts prestresses 
the turnbuckle and may severely reduce its load capacity. 


Securing Turnbuckles 1 | 


Figure 8-19. Turnbuckles may be secured against uninten- 
tional twisting by locking the position of the frame in relation 
to the end fittings. 


Links 


A link is a plain, rigid loop attached to the end of a sling or 
hung on a crane hook that helps connect multiple rigging 
components together. Links provide a larger connection for 
joining multiple slings or shackles where the opening of 
a hook is limited and would cause binding of the slings or 
improper loading of the hook. Links are often permanently 
installed to slings by the sling manufacturer. Links are com- 
monly used as the hoist connections for multiple-leg sling 
assemblies. See Figure 8-20. However, links can also be 
used on the load-attachment end of slings. 


Permanently Installed Link: 


Lift-All Company, Inc. 


Figure 8-20. Links are often permanently installed by a 
manufacturer at the ends of two or more slings. 
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Links are available in different shapes. See Figure 8-21. 
An end link resembles a chain link. There are also ring 
and pear-shaped links. Each shape is suited for certain 
rigging combinations. For example, a pear-shaped link is 
suited for use with a hook at the top and multiple slings 
along the bottom. Link rated loads are based on a single 
vertical load or a collection of sling legs with an included 
angle of 120° or less. See Figure 8-22. 


Master Links 1 


PEAR-SHAPED RING 
LINK LINK 


Figure 8-21. Master links are available in different sizes 
and shapes for collecting multiple slings and connecting 
rigging to lifting equipment. 


Rated Loads* of Master Lin 


: Material 


Nominal End Ring 
Size! 


Pear Shape 


Alloy Carbon Alloy Carbon 
Steel Steel Steel Steel 


54,300 
84,900 
102,600 
“іп Ib, with a safety factor of 5 
Tin in. 


Figure 8-22. Rated loads for master links are based on 
their size, shape, and material. 
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Lifting Beams 


A lifting beam, or spreader beam, is a bar, beam, or tube 
used to change the direction of rigging forces at the load 
from angled to vertical. This is particularly important if 
angled lifting forces will cause a flexible load to buckle 
or are otherwise not tolerated by the attachment points. 
See Figure 8-23. 


©. 


-- 
( | Lifting Beams / | (0-2 


BUCKLING 
OCCURS ON 
FLEXIBLE 


Figure 8-23. If angular forces could cause a flexible load to 
buckle, a lifting beam can be added to the rigging to change 
the direction of the forces on the load. 


Lifting beams are generally constructed of steel, but 
they may be fabricated out of other materials for special 
applications. For example, fiberglass lifting beams may 
be used in corrosive environments. Because the lifting 
beam is a “below the hook” lifting device, its weight 
must be considered when calculating the load on the 
rigging above it. 

The lift points on lifting beams may be fixed or ad- 
justable. Also, multiple lift points may be provided along 
the beam so that the proper sling angles can be achieved. 


Regardless of the type, the lifting beam must be 
designed and constructed under the supervision of a 
qualified person. After construction, a load test of 125% 
of the rated load must be applied to the beam. Also, 
any operable components on the beam must be tested 
for functionality. 


Trolleys 


A trolley is a wheeled assembly that travels horizontally 
along a crane beam or boom. See Figure 8-24. The 
wheels on a trolley allow loads to be hoisted and then 
moved laterally. Trolleys are typically used in conjunc- 
tion with I-beams or A-frames. Trolleys must be adjusted 
when installed so that the wheel width is Yê” greater than 
the flange that the trolley is riding on. 


Hoist Trolley | 


Harrington Hoists, Inc. 


Figure 8-24. A trolley allows a hoist to be moved easily 
along a horizontal beam. 


Trolleys are typically used to support lever- or chain- 
type hoists, and care should be taken that none of the 
components used have rated loads higher than the equip- 
ment above them. Ifa trolley has a rated load higher than 
the A-frame above it, or if the hoist has a rated capacity 
greater than the trolley, the entire assembly must be 
reduced to the rating of the lowest rated component. 


Beam Clamps 


А beam clamp is a fixed device for attaching a hoist to 


the bottom of a beam at a single location. Multiple beam 
clamps and hoists may be used to drift a load along the 
length of a beam. As a rule, the angle of the hoisting line 
when using a beam clamp in a drifting operation should 
not exceed 15? from vertical. This is because excessive 
horizontal loading of a beam clamp can bend and break 
the clamp. As with trolleys, the rated load of the beam 
clamp should also be coordinated with the other rigging 
equipment being used. 


HARDWARE INSPECTION 


Normal use will cause minor scratches, missing paint 
or coatings, and worn surfaces on rigging hardware. 
These types of minor damage are typically not cause for 
concern. However, significant damage and distortions 
in shape are evidence of misuse, excessive loading, or 
exposure to damaging conditions. Prior to use, all rig- 
ging hardware should be inspected by a person trained to 
identify significant damage. Written inspection records 
are not required for hardware. 

All types of hardware should be inspected for visible 
signs of damage and removed from service if required. 
These include, but are not limited to, the following signs: 


Chapter 8— Rigging Hardware 113 


* Missing or unreadable manufacturer name or rated 
load information 

* Evidence of heat damage, such as weld splatter 

* Excessive pitting or corrosion 

* Bent, twisted, or elongated parts 

e Gouged, cracked, or broken parts 

* Excessive thread damage 

* Reduction in any specified dimension of 1096 
or more 

* Evidence of unauthorized modifications, such as 
drilling, machining, or grinding 

* For hooks, expansion of the throat opening by at 
least 596 or V4" 

• For hooks, missing or inoperable latch mechanisms 

* For hooks, damage to hook attachments 

* Forshackles, incomplete pin engagements 

e For swivel hoist rings, lack of ability to freely rotate 
ог pivot 

* Any other conditions that cause doubt about the 
hardware's safety 
Some types of damage on some hardware can be 

repaired but only by a qualified person. Information 

on serviceable parts and repair techniques is typically 

available from the manufacturer. However, it is usually 

more cost-effective to simply replace hardware with 

new items. 
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CHAIN SLINGS 


INTRODUCTION 


Chain is a series of interlocking metal links. It is commonly used for lifting ap- 
plications due to its high strength and extreme durability, even in extreme 
environments. It also has the advantage of being highly flexible, which allows 
it to be wrapped around some loads. However, chain should not be used with 
delicate loads, as it can cause damage and abrasion on load surfaces. 

Chain slings are manufactured from lengths of chain with common rigging 
hardware components, such as hooks, permanently attached to the ends. Many 
chain slings are fabricated in multiple-leg configurations. 


OBJECTIVES 


* Compare the advantages and disadvantages of chain for lifting purposes. Т 
* Describe the materials and methods used to construct chain. 
* Specify how extreme temperature affects chain strength. 


* Differentiate between various chain sling configurations. ] 
Е : 5 , А : а 5 APT 
* Listthe identification requirements for chain and chain slings. АЛА 
* List the inspection criteria for removing chain or chain slings from service. n. 
Im 
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CHAIN 


A chain is a series of connected metal links. See Fig- 
ure 9-1. Chain is recommended for rugged industrial 
applications where flexibility, abrasion resistance, and 
long life are required. Chain can often be used in situa- 
tions in which other lifting materials would be damaged 
by the load, such as from rough or raw castings, or in 
which the materials would be damaged by environmental 
conditions, such as extreme temperatures. Chain is also 
widely used in construction work involving excavation, 
where dirt, moisture, and abrasion would quickly destroy 
other types of slings. 


Figure 9-1. Chain is particularly useful for rigging rough- 
surfaced loads or rigging in harsh environments, as it is 
extremely durable. 


The use of chain for rigging is normally favored 
over wire rope because chain has approximately three 
times the impact-absorption capability and is more flex- 
ible. Also, wire rope costs more than chain of similar 
strength and has only 5% of the expected service life. 


Chain slings are available with many of the same types 
of hardware components available for wire rope slings, 
so they can often be used for similar applications. 

Since both rope and webbing are composed of many 
load-bearing elements in parallel, they can tolerate a 
certain degree of failure from some elements while still 
providing significant strength capacity. For example, a 
wire rope could have some frayed wires and still be safe 
to use. See Figure 9-2. Chain relies on load-bearing 
elements arranged in a series. The failure of any single 
link may lead to the failure of the entire chain. This is 
а disadvantage unique to chain. 


Chain Disadvantage  — 


COMPLETELY 
FROM 
SINGLE 
BROKEN LINK 


Figure 9-2. A disadvantage of chain is that it can fail com- 
pletely from the failure of a single element (link) while rope 
could have some frayed wires and still be safe to use. 


The National Association of Chain Manufacturers 
(NACM), in conjunction with the ISO, standardizes 
the material and manufacturing specifications for chain. 
The standard ASME B30.9, Slings, includes information 
about the use of chain for lifting applications. 


Chain Material 


The strength of chain and chain attachments depend 
on the steel alloys from which they are made. Ап alloy 
is a metal formulated from the combination of two or 
more elements. The alloy composition and heat-treating 
processes used to form the alloy determine the metal's 
strength, hardness, and other characteristics. 


Of the many types of steel alloy chain, Grade 80 and 
Grade 100 chain are most commonly specified for sling 
or tie-down applications. Other alloys may be used, but 
the manufacturer must provide specific data regarding 
the load rating and conditions of use. Non-alloy chain 
should never be used for lifting purposes. 

If a chain is needed in a chemically active environ- 
ment, it may need to be made of a special non-corroding 
alloy. The conditions of use should be evaluated by 
a qualified person and the chain material chosen ac- 
cordingly. For example, stainless steel alloy chains 
are available and can be used under conditions where 
regular steel alloy chains would be adversely affected 
by chemicals. 


Chain Construction 


Lifting chain is formed from steel rod cut into short 
lengths. Each piece is held against a forming die while 
rollers bend the rod into a link shape, with the ends 
meeting on a long side. The forming machine then welds 
the ends together as the next link is being formed. This 
weld can be seen as a slight bulge around the rod on one 
side of a link. See Figure 9-3. The next piece of rod is 
inserted through the link, rolled into the same shape, 
and welded. This process is continued until the desired 
length of chain is constructed. 


LINK WELDS 


Figure 9-3. Chain is manufactured by bending short lengths 
of steel rod into links and welding the ends. 
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The completed chain may then be further processed. 
Heat treatment сап be used to develop the desired com- 
bination of strength and durability in the metal. Surface 
treatments may also be applied for a particular surface 
finish or for corrosion resistance. 


Hooks are commonly attached to the ends of chain so that the chain can 
be connected to other rigging equipment. 


Chain Strength 


For a particular grade, the rated loads are based on nomi- 
nal chain size, which is the approximate diameter of the 
rod used to form the links. See Figure 9-4. The standard 
safety factor for chain slings is four. 

—— 

Chain is particularly suited for high-temperature ар- 
plications where other types of sling materials cannot be 
used. However, extreme temperatures can still affect a 
chain’s rated loads. See Figure 9-5. High temperatures 
soften the metal, reducing the rated load, sometimes per- 
manently. Conversely, extremely low temperatures make 
the metal brittle and more likely to fracture. 

According to ASME B30.9, the normal temperature 
range for chain is -40°F (—40?C) to 400°F (205°C). 
DOE 1090-2007 provides additional guidance for 
chain used at temperatures of less than О°Е (-18°С). 
At extreme temperatures, the load should be lifted 
slowly until it is slightly off the ground and the rig- 
ging inspected further before proceeding with the lift. 

Temperatures higher than 500°F (260°C) can cause a 
permanent reduction in the rated load of a chain and its 
sling fittings due to the annealing effect from the heat. 
Table 9-1.8.1-1 from ASME B30.9 or the recommendation 
of the sling's manufacturer should be used in determining 
the temporary and permanent rated load reductions of chain 
slings used under high-temperature conditions. 
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Chain Specifications 4 


0 | | 
T : 
Nominal | _ кеме Load | Material Length* 
Chain Size*| стаде 80 | Grade 100| Diameter | 


| Approximate 
Weight! per 
100 


MATERIAL 
DIAMETER 


Width* 


Figure 9-4. Grade 8 


On 4 WV \5е 


| Reduction of Chain Rated L 
Due to Temperature 


|: . Chain While at Temperature Permanently 
Temperature’ Grade 80 Grade 100 Grade 80 Grade 100 
-40 to 400 
400 
500 
600 


Remove from service 


Figure 9-5. While chain slings can be used with a wider 
range of temperatures than any other type of sling, extreme 
temperatures do have a negative effect on rated loads. 


CHAIN SLINGS 


Chain slings are fabricated in single-leg and multiple- 
leg configurations. Multiple-leg configurations consist 
of two, three, or four legs. See Figure 9-6. Multiple-leg 
slings are also known as bridle slings. 

Chain slings are made by manufacturers from lengths 
of chain and rigging hardware components. Single-leg 
slings are constructed of a single length of chain and 
may have a hook or a master link at one or both ends. 
Multiple-leg slings have multiple chain legs attached to 


3rade 100 chain „| for rigging applications are manufactured to standard specifications. 


a single master link and hooks attached to the end of each 
leg. A variety of hook types are available. Sling assemblies 
cannot typically be modified by the user or in the field 
because the hardware is permanently attached. Therefore, 
they must be ordered premade in the required configuration. 

After a manufacturer assembles a chain sling, it 
must be subjected to a proof test. A_proof test is a 
nondestructive test in which a sling is subjected to a 
tension force greater than its rated load but less than its 
breaking strength. A single-leg sling is tested at twice 
its rated load. Master links are tested at four times the 
rated load of an individual leg for double-leg bridle 
slings or six times the rated load for three- and four- 
leg bridle slings. 

Documentation of the proof test is provided with 
each new sling, and OSHA requires that this proof test 
verification be retained by the employer. If a sling must 
be repaired, it must be tested again to confirm its in- 
tegrity, and the new proof test record must be retained. 


Chain Sling Identification 


Chain sling specifications are identified by the manufac- 
turer оп an attached nameplate or tag. See Figure 9-7. 
This tag includes the name of the manufacturer, the grade 
of chain, chain size, number of legs, rated load for at least 
one hitch type, serial number, and reach. The his the 
distance from the inside of a sling’s upper end fitting to 
the inside of its lower end fitting. This length is signifi- 
cant when making subsequent inspections of the sling to 
determine whether the sling has elongated. 
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Rated Loads* of Chain Slings | l 


Single-Leg Two-Leg Sling Four-Leg Sling 
Vertical 60° 45° 30 


N № № 


Mominal 


Grade chain Sizet 


17,000 12,000 31,200 25,500 18,000 
25,600 18,100 47,000 38,400 27,100 
40,000 28,300 73,500 60,000 42,400 
48,400 34.200 88,900 72,500 51,300 
67,400 47,700 123,900 101,200 71,500 


102,200 72,300 187,800 153,400 108,400 


58,700 47,900 
91,700 74,900 
110,900 90,600 


"п 
tinin 


Figure 9-6. Rated loads of chain slings depend on the chain grade, size, number of legs, and sling angle. 


Grade 80 and Grade 100 chains must also include 
identification directly on the chain links. See Figure 9-8. 
Identifying numbers are embossed on links at intervals 
no greater than 3” apart. The characters are raised and 
include a manufacturer’s mark, traceability or date code, 
and grade indicator. Grade 80 chain is indicated by “8”, 
“80”, or “800”. Grade 100 chain is indicated by “10”, 
TOO г 1000" 


Chain Sling Applications 


Chain has little friction against most materials, so it has 
a tendency to slip when wrapped around loads, such as 
in a basket or choker hitch. Temporary stops may have 
to be applied to a load, or a lifting beam may have to be 
utilized to prevent slippage of the slings. 


Grade 80 and Grade 100 chain are the most common types of 
lifting chain. However, special situations may require different 
types. A chain's specifications must always be checked to de- 
termine whether the chain is appropriate for an application. 


Figure 9-7. Chain slings have durable identification tags 
that list important sling type and rated load information. 


120 RIGGING, HOISTING, and SIGNALING PRACTICES 


Grade Markings 


Figure 9-8. Chain grades must be stamped on links at 
certain intervals. 


Chain slings should never be shortened by twisting 
or by using bolts or other makeshift fasteners. Special 
fittings are available that allow the lengths of chain legs 
to be adjusted, but care should be taken to ensure that the 
links of the chains are properly inserted or hooked into the 
fittings. See Figure 9-9. As with other multiple-leg slings, 
sling load calculations should be performed to ensure that 
the individual legs of a sling are not overloaded, especially 
when connected to asymmetrical loads. 


The Crosby Group, Inc. 


Figure 9-9. Chain sling legs may be shortened only with 
hardware approved for this use by the chain manufacturer 
or a qualified person. 


Protective gloves should be worn when handling 
chain slings, and caution should be taken to ensure that 
body parts are not pinched by the links or components 
of a sling as a load is lifted. Chain slings should be 
checked for twisting or kinking as they are placed under 
tension. It may be necessary to disconnect a sling to 
remove any twists before hoisting a load. 


CHAIN INSPECTION 


When performing an inspection, a chain must be cleaned 
of all dirt and grease, which may hide signs of damage. 
Each link should be inspected for,c gouges, ¢ 
nicks. These can eventually lead to cracks that cause 
link fractures. See Figure 9-10. A fracture is a crack 
s ———— Á 

in metal caused by the stress and fatigue of repeated 
pulling or bending forces. 


Chain Inspection Criteria | 
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Figure 9-10. Damage and excessive wear to a chain or 
a chain sling’s other components are reasons to remove 


them from service. 


Overloading or sudden loading can deform а chain by 
elongating the link shapes, giving them a resemblance to 
figure eights. Lifting chain is designed to elongate before 
fracturing as much as 15% to 30%. Some amount of 
deformation is acceptable, but chain should be removed 
from service if the elongation exceeds 5%. This elon- 
gation is checked by measuring a length of chain and 
comparing the length to the chain specification. See Fig- 
ure 9-11. If elongation is visually apparent, the chain is 
likely excessively deformed and must be replaced. Chain 
should also not be used if bent or elongated links prevent 
the chain from seating or flexing properly. 


Chain Elongation 


REDUCED 
CROSS 
SECTION 


Е 


LENGTH 


NEW CHAIN ELONGATED CHAIN 


Figure 9-11. Repeated loading eventually causes a chain 
to elongate. Signs of elongated chain include reduced 
cross-section size of the link material, bowed sides, and 
longer link length. 


Repeated loading, even at less than the rated load, 
also stretches link material, causing it to become thinner. 
Thinning at the links’ contact points can also be caused 
by repeated flexing and wear. Link rod diameter should 
be measured and compared to the minimum allowable 
diameter for the chain size. According to ASME B30.9, 
chains should be removed from service if the thickness 
of any part of a link has decreased by 10% or more. See 
Figure 9-12. 

When inspecting a chain, the links should be able to 
freely rotate from side to side approximately 90° with- 
out the links binding. Binding is an indication that links 
have stretched because the sides bow inward and prevent 
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adjacent links from moving freely. A measurement of the 
length of a sling can be made by hanging it from a hook 
or placing it under slight tension, and then measuring 
the distance from the inside of the upper end fitting to 
the inside of the lower end fitting. This dimension can 
be compared to the original length of the sling indicated 
on the identification tag. 

Stretching of the chain from its original length is a sign 
of elongation, which indicates that the chain should be 
checked more thoroughly. Chain slings should be removed 
from service if any of the following defects are noted: 

* missing or unreadable identification 

* fractures 

* deformed, bent, or twisted links 

* gouges, nicks, or excessive wear 

* elongated components or links 

* evidence of heat damage or weld splatter 

e excessive corrosion Or pitting 

* lack of free movement 

“ damaged hooks or hardware 

* visible damage that causes doubt about the continued 
use of the sling 


Chain Link Wear | 
m DIAMETER 


ORIGINAL 
LX DIAMETER 


Minimum Allowable 
Link Cross Section* 


| 
Nominal Chain Size* | 


Figure 9-12. Excessive chain wear causes the ends of the 
links to become thinner. Worn chain should be checked for 
minimum allowable thickness. 
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SLINGS 


INTRODUCTION 


Synthetic slings are among the most versatile of slings. They are available 
with high rated loads but remain lightweight. They are also available in a 
variety of different sizes and configurations. Their material is soft and flexible, 
making them ideal for use with easily damaged loads. Overall, these slings 
make excellent general-purpose slings and are commonly found on most 
job sites involving rigging. The two major types of synthetic slings are web 
slings and roundslings. 


OBJECTIVES 


* Listthe advantages and disadvantages of slings made from synthetic fibers. 

. Describe the construction of webbing and roundsling materials and how 
they are fabricated into lifting slings. 

* Identify the characteristics of synthetic slings that affect sling strength. 

. List the required and recommended information for synthetic sling iden- 
tification tags. 

. List the common types of damage that qualify a synthetic sling for being 

removed from service. 
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SYNTHETIC SLING TYPES 


Synthetic slings are constructed from yarns of man-made 
fibers, typically polymer fibers. See Figure 10-1. These 
materials are used for their high strength-to-weight 
ratios. Plastics are the most familiar types of polymers. 
Rigging slings are typically made with either nylon or 
polyester yarns, though specialty slings may be made 
with other polymers. 


Synthetic Slings и 


Lift-All Company, Ine. 


Figure 10-1. Synthetic slings are fabricated from artificial 
fibers, such as nylon or polyester. 


Synthetic slings are soft and very flexible, making 
them ideal for rigging loads with fine surface finishes 
or that are easily damaged. For example, they are 
often used with fragile loads or loads with polished 
or painted surfaces. However, they also make good 
general-purpose slings. They are light, easy to store, 
and versatile. The primary disadvantage of synthetic 
slings is their susceptibility to abrasion and puncturing. 

Synthetic fibers are generally resistant to most 
common industrial chemicals, which makes synthetic 
Slings ideal for use in industrial environments. See 
Figure 10-2. Polyester is resistant to many acids, and 
nylon is resistant to most alkalis. Both are resistant to 
oils, detergents, water, and solvents. However, certain 
chemicals and environmental conditions may still 
cause degradation. Also, any metal end fittings may 
have different chemical resistances than the synthetic 
fibers. Both the sling and end fitting materials (if ap- 
plicable) should be considered for their suitability for 
use in chemically active areas. 


General Chemical Resistant 
Synthetic Sling Materials 


Alcohols 
Aldehydes d 
Е Pee 


Alkalis, weak. 


Bleaching agents 


Dry cleaning solvents 


Hydrocarbons 


Ketones 


Soap/detergents 


Water/seawater 


Figure 10-2. An advantage of synthetic slings is that the 
fibers are resistant to many types of chemicals. 


Extreme temperatures are the primary environmental 
concern. Synthetic slings should not be exposed to tem- 
peratures above 200°F (93°C) or below —40°F (40°C). 
This is a much narrower range than the acceptable tem- 
perature range for chain or wire rope. Also, exposure to 
ultraviolet light, such as from sunlight or arc welding, may 
weaken synthetic material without any visible indication. 

Synthetic sling construction begins with synthetic 
libers. Fibers are twisted into yarns and the yarns are 
twisted or woven into sling material. The fibers are also 
made into threads used for stitching parts of the slings 
together. The two most common types of synthetic slings 
are web slings and roundslings. Both are made from 
similar yarn materials but fabricated differently. 
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The type of synthetic fiber, usually nylon or polyester, is indicated 
on the identification tag and/or by colored marker yarns at the 
webbing s edge. 


Web Slings 


A web sling is a flat rigging sling made from synthetic 
webbing material. Webbing is flat, narrow strapping wo- 
ven from yarns of strong synthetic fibers. See Figure 10-3. 
Webbing material is very strong and distributes pres- 
sure across a wide surface. 
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Figure 10-3. Webbing material consists of yarns of synthetic 
fibers that are woven into wide, flat straps. Multiple layers, 
or plies, can be sewn together to make stronger webbing. 


Webbing. Webbing for rigging purposes is made of 
woven nylon or polyester yarns. Colored marker yarns 
woven into the center of the face of the webbing may 
be used to identify the material. Nylon webbing has 
black markers or no markers. Polyester webbing has 
blue markers. Manufacturers may also use colored 
marker yarns at the edges of the webbing to indicate 
other materials or construction types. 

Most web sling damage starts on the edge, so web- 
bing includes selvedges for strength. A selvedge is an 
edge treatment on woven material that helps prevent 
unraveling. A selvedge is formed from continuous 
yarns that run back and forth across the width of the 
webbing, exposing only a turn of the yarn at the edges. 
See Figure 10-4. The weave is then drawn tighter at the 
edge to strengthen the material. 

In some cases, special brightly colored yarns are 
woven into the webbing core as a safety feature. If the 
webbing is not damaged, then these yarns are not vis- 
ible. However, if webbing material is worn or torn to 
expose these yarns, the wear is considered excessive, 
and the webbing is no longer safe to use. 
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Figure 10-4. Webbing is woven with selvedges at the edges 
to protect the weave from unraveling. 


Webbing is available in multiple widths and num- 
bers of plies (layers), which determine its strength. 
The wider and the greater number of plies in the 
webbing, the stronger it is. Rigging webbing ranges 
from 1" to 12" wide and is constructed in one, two, 
or four plies. The plies are stitched together in order 
to keep them aligned. 

Webbing material is broadly classified by its 
breaking strength as Class 5 or Class 7 webbing. 
Breaking strength is determined by the thickness 
of the material, the type of material, and its con- 
struction. Class 5 webbing has a minimum certified 
tensile strength of 6800 Ib/in. of width per ply. Class 
7 webbing has a minimum certified tensile strength 
of 9800 Ib/in. of width per ply. Either class of web- 
bing may be manufactured into single- or multiple- 
ply webbing. 

Web Sling Fabrication. Webbing material by itself 
cannot be used for rigging, as there is no safe way 
to attach it to other rigging components. Instead, a 
length of webbing is fabricated into a web sling by 
sewing its ends into a certain configuration. The ends 
are folded over and sewn into either large loops or 
small loops with metal end fittings. The stitching 
thread must be made from the same material as the 
webbing. The fittings should have smooth surfaces 
with no sharp edges that could damage the webbing. 
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A web sling is composed of several parts: the length, 
the body, the splices, and the loop eyes. See Figure 10-5. 
The length is the distance between the ends of a web sling, 
including any fittings. The body is the portion of the sling 
that is between the loop eyes or any end fittings. A splice 
is an overlap of webbing material that is sewn together. A 
loop eye is a length of webbing folded back and spliced 
to the sling body, forming a closed loop. The length of a 
Joop eye varies with the width of the sling webbing. When 
full-width sling loop eyes are too wide to properly fit into a 
hoist hook, a web sling with tapered loop eyes can be used. 
Web slings with tapered loop eyes have webbing folded 
to narrower widths at the bearing points to accommodate 
narrower hooks. 
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Figure 10-5. Webbing material is sewn into web slings by 
splicing or forming loop eyes. 


Two types of splices are used to fabricate web slings. A 
load-bearing splice is a splice that carries a portion of the 
load weight. An assembly splice is a splice that joins two 
or more parts of the sling without bearing any significant 
weight. Sling types | through V use load-bearing splices to 
form the sling. Type VI slings use assembly splices. 


Wear pads are another common component of web 
slings. A wear pad is a leather or webbed pad used to 
cover the body of a web sling in order to protect it from 
damage. Wear pads are either sewn onto the webbing 
or slide along the body, allowing adjustable protection. 

Web slings are fabricated in six standard configura- 
tion types. See Figure 10-6. Manufacturers may offer 
additional configurations for specialized applications. 
The six standard configuration types are as follows: 

* Type I is a web sling made with a triangle fitting on 
one end and a large slotted choker fitting on the other 
end. This type of sling is also known as a triangle- 
choker (TC) sling. Type I web slings are typically 
used for choker hitches, though they are also suitable 
for vertical and basket hitches. 

• Type П is a web sling made with a triangle fitting on 
both ends, so it is also known as a triangle-triangle 
(TT) sling. Type II web slings are used for vertical 
or basket hitches. 

“ Type Ш is a web sling made with large flat loops at 
each end that are on the same plane as the body. It 1s 
also known as ап eye-eye (EE) sling. Туре Ш web 
slings are used for vertical or basket hitches. They 
are also used for choker hitches by passing one eye 
around the load and through the other eye. Type ІП 
web slings are often available with tapered loop eyes 
to permit their use with hooks. 

* Type IV is a web sling made with both loop eyes 
twisted to form eyes that are at right angles to the 
plane of the sling body. Because one loop eye does 
not need to be twisted in order to line up with the 
other end, this arrangement makes a slightly better 
choker hitch than the Type III style. Type IV slings 
can also be used for vertical and basket hitches. 

* Type V is an endless web sling made by joining the 
ends with a load-bearing splice. It is also known as 
a grommet sling. Type V web slings are used for 
numerous applications and are the most widely used. 
They may be used in basket, vertical, or choker hitch 
applications. 

• Туре VIis an endless web sling with butted edges sewn 
together to form a body and two loop eyes, which are 
at right angles to the plane of the body. This sling is 
also known as a reverse eye (RE) sling because the 
eyes are formed by folding the webbing in the opposite 
direction than that used to form the loop eyes in a Type 
Ш or Type IV web sling. A wear pad is often added on 
either one side or both sides of the sling body. Type VI 
web slings are used for rugged service, such as lifting 
irregularly shaped objects like stones. 
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Figure 10-6. There are six primary web sling configurations, which are available in various sizes and webbing types. 


A variety of sling lengths may be needed to assemble the rigging 
for a particular lift. 


Web Sling Strength. Web sling specification tables 
show the rated loads for various webbing classes, 
webbing widths, number of plies, and hitch types. See 
Figure 10-7. These values are calculated using both 
fabrication efficiencies and safety factors. 

Fabrication efficiency is the ratio of the tensile 
strength of a webbing material to the tensile strength of 
the web sling into which it is fabricated. Fabrication ef- 
ficiency accounts for the loss of strength in webbing due 
to stitching and other modifications. Typical fabrication 
efficiencies are 80% to 85% for single-ply slings but are 
lower for multiple-ply or very wide slings. 

The safety factor indicates the fraction of total tensile 
strength that may be used for lifting loads. The typical 
safety factor is 5. For unusual circumstances, safety 
factors are increased to 8 or more to increase the margin 
of safety. 

Web sling strength is based on new webbing material. 
Web sling strength decreases with age and mishandling, 
such as dragging the sling across a floor, tying it in knots, 
pulling it out from under a Joad when the load is resting 
on it, or dropping the metal fittings. Bunching webbing 
material between the ears of a clevis, shackle, or hook 
can also weaken web sling strength. 
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Rated Loads* for Web Slings 
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Figure 10-7. The rated load of a web sling depends on the webbing class, number of plies, webbing width, and hitch type. 


eb Sling Identification. All web slings must include 

| durable identification tag. See Figure 10-8. The tag 
must include the facturer name, the model num- 
«ber, the rated load for at least one hitch type (including 
the number of legs, if applicable, and sling angle), and 
the type of webbing material. With this information, 
rated loads for other hitch types can be either calculated 
or found in a specification table. This tag must be sewn 
onto the webbing. 


м | | nêk 
ody. S$ Five n 


Figure 10-8. An identification tag lists important information 
about the sling type and rated loads. 


Roundslings 


A roundsling is an endless (continuous loop) sling made 
from a bundle of unwoven synthetic fiber yarns enclosed 
in a protective cover of synthetic fiber. See Figure 10-9. 
Roundslings make excellent choker-hitch slings because 
they are flexible and conform to the shape of the load. Also, 
due to their construction, the choker hitches do not bind or 
lock up, which makes sling release simple. 


Roundsling Fabrication. The core yarns, typically 
polyester, are not woven but wound together with multiple 
turns. This winding is done uniformly to ensure even load- 
bearing distribution. As with webbing, brightly colored 
yarns are often included among the core yarns to serve 
as damage indicators. 

The cover is made from polyester or nylon yarns woven 
into a continuous tubular shape. The cover is not load bear- 
ing, but it does protect the core yarns from damage, such as 
from abrasion or the environment. For example, the cover 
keeps damaging UV light from degrading the strength of 
the load-bearing core yarns. 
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Figure 10-9. A roundsling is composed of a bundle of un- 
woven yarns of load-bearing synthetic fibers enclosed in a 
non-load-bearing woven cover. 


Most roundslings are fabricated into a single large 
loop similar to Type V web slings. See Figure 10-10. 
These roundslings can be used in a variety of hitches. 
Additional sleeves may be placed over the roundslings 
to offer extra protection from abrasion or to create a 
sling configuration that has a loop eye at each end (eye- 
eye design). Manufacturers may also offer specialized 
slings based on roundsling materials and construction. 
For example, roundslings can be braided into a tough 
and extremely strong eye-eye-type sling. 

Roundslings are available in a variety of lengths. 
The length is the distance between points just inside 
the extreme ends when the sling is straightened to its 
full length. This includes any end fittings. Roundslings 
can stretch in length from about 2% to 5% when under 
load, so measurements are always taken when the sling 
is straightened but relaxed. 

Roundslings can be used with typical metal rigging 
hardware. Some roundslings are manufactured with 
fittings permanently attached, such as hooks. For ex- 
ample, roundsling bridle hitches include two or more 
roundsling legs attached to a master link. 
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Roundsling Configurations | 
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Figure 10-10. The primary roundsling configurations are 
the endless loop and the eye-eye types. 


Rated Loads* for Roundslings 


Vertical Choker 


Roundsling Strength. Roundsling specification tables 
list the rated loads for size and hitch configuration. See 
Figure 10-11. Sizes 1 to 13 are based on the Recom- 
mended Standard for Synthetic Polyester Roundslings 
developed by the Web Sling and Tie Down Association 
(WSTDA). The size number is related to a sling’s re- 
laxed diameter, so larger numbers correspond to stronger 
slings, but the number does not indicate an actual sling 
dimension. Alternatively, some manufacturers use their 
own size designations, though their sling specifications 
often match the standard well. 

Roundslings are particularly useful for use as 
choker hitches, but the configuration of this hitch 
has a significant effect on the strength of the sling. 
For example, if the choke is beaten down to the body 
of the load or tightens as a result of rolling the load, 
part of the sling will be highly bent, which reduces its 
strength. Conversely, if the choke is high above the 
load, the choke angle will be greater, and the sling will 
retain more of its strength. A table of choke angles can 
be used to determine the derating of a rated load for a 
roundsling used as a choker hitch. See Figure 10-12. 
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Figure 10-11. The rated loads of a roundsling depends on its size and hitch type. Roundslings are often color coded to 


easily identify their size. 
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Figure 10-12. When used in a choker hitch, the rated load 
of a roundsling must be derated for choke angles up to 1207. 


Roundsling Identification. The rated load of a round- 
sling is listed on its identification tag and indicated by 
the color of its cover. The color codes may vary by 
manufacturer, though most follow a common sequence 
specified by the WSTDA. However, the color code of a 
sling should not be relied on to determine its load rating. 
The identification tag should always be referred to for 
the load rating of a sling. 

Identification tags must include certain information, 
such as the name of the manufacturer, the mode] number. 
the rated capacity for at least one hitch type and its angle 
(if applicable), the core material, the cover material (if 
different from core material), and the number of legs (if 
a bridle sling assembly). See Figure 10-13. Beyond this 
required information, some manufacturers may include 
additional specifications, such as rated loads for other 
hitches or other sling angles. While the rated load for 
a single hitch can be used with calculations or tables to 
determine the rated loads of most other hitches, it is more 
convenient to have multiple rated load specifications 
readily available. 


Lift-All Company, Inc. 


Figure 10-13. A roundsling tag lists important identifying 
and specification information. 


SYNTHETIC SLING INSPECTION 


Use over time can obscure the print on an identification 
tag or remove the tag entirely from the sling. So the first 
part of an inspection is to find the tag. See Figure 10-14. 
If a tag is damaged or missing but the sling appears ac- 
ceptable, the sling may be returned to the manufacturer 
for testing and retagging. 


Damaged Identification Tags 
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Figure 10-14. Any damage that makes information on a 
sling identification tag unreadable is reason to immediately 
remove the sling from service. 
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The yarns that are woven together to form webbing are 


known as picks (running from edge to edge), warp (running 
lengthwise), binders (holding plies together), and stuffers 
(additional lengthwise yarns for strength). 


Synthetic slings generally include red warning varns 
within the body that are not normally visible. These yarns 
are designed to be visible if the sling material is damaged 
sufficiently to render it unfit for use. See Figure 10-15. 
A sling must be immediately removed from service if 
the warning yarns are visible. However, a sling is not 
necessarily safe to use if the warning yarns are not vis- 
ible. Some types of damage may not expose these yarns 
but can still weaken the sling, such as damage trom UV 
exposure. Furthermore, roundslings may not contain 
warning yarns, but the slings must be discarded if any of 
the interior load-bearing yarns are visible. 


Exposed Warning Yarns | 


Figure 10-15. Red warning yarns are embedded inside 
synthetic slings. They are normally hidden but become 
exposed due to some types of damage. 


Slings should be inspected for evidence of physi- 
cal. thermal, or chemical damage. See Figure 10-16. 
Excessive wear or abrasion can damage the stitching 
in load-bearing splices or cause the surface fibers to 
fray and break. Significant cuts or tears are those that 
damage 50% of the longitudinal yarns (those running 
along the length of the sling) in an area that spans V4 of 
the webbing width or 100% of the yarns for 15 of the 
width. Edge cuts can be particularly weakening. Other 
ty pes of physical damage include punctures, snags. and 
embedded particles. 
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Figure 10-16. Web slings and roundslings are weakened 
by many types of physical, thermal, and chemical damage. 


Thermal damage, which сап be caused by heat or fric- 
tion, is indicated by melted or charred webbing material. 
Exposure to certain chemicals can cause disintegration 
of the synthetic fibers, depending on the fiber material. 
This disintegration may appear as discoloration, brittle- 
ness, and/or stiffness in areas of the sling. 

Any attached hooks or other rigging hardware 
should also be inspected for damage in accordance with 
established hardware inspection procedures. A sling as- 
sembly should be removed from service if any attached 
hardware shows excessive corrosion, pitting, gouging, 
twisting, or bending. 

Another serious problem with both web slings and 
roundslings is knotting. See Figure 10-17. A knot al- 
ters the load-bearing characteristics of the yarns at that 
location, significantly weakening the sling. Knots can 
be easily introduced when sorting long slings. Knots 
should be untied only if they have not yet been pulled 
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tight under load. If not untied before a sling is loaded, 
the knots in the sling are often irreversibly tightened, 
which can also cause damage to the fibers. A sling with 
any tightened knot must be removed from service. 


Lift-All Company, Inc. 


Figure 10-17. If a knot has been pulled tight, the strength 
of the sling may be permanently compromised. 
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WIRE ROPE SLINGS 


INTRODUCTION 


Wire rope is used two ways in rigging applications. First, it is commonly used 
as a lifting line in hoists and cranes because it is easily used with sheaves 
(pulleys) and wound onto drums. Second, it is also commonly cut to lengths 
and fabricated into lifting slings, which are used in various ways as rigging 
elements. Wire rope is very strong and durable. It is not as flexible as synthetic 
sling materials, but it is still adequate for use with most types of loads. Wire 
rope slings are available prefabricated with a variety of terminations and end 
fittings. With the proper tools, a qualified person can also make custom wire 
rope slings. 


OBJECTIVES 


* Describe the basic construction of wire rope. 

* Compare the types of lay and strand patterns for wire rope and their effect 
on a rope's characteristics. 

* Estimate the rated load of a wire rope sling, accounting for safety factor 
and bending efficiency. 

e Describe the general procedure for seizing and cutting a wire rope. 

* Compare the installation procedures and efficiency ratings of eye and 
socket terminations. 

Identify common types of wire rope wear and damage. 
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WIRE ROPE 


Rope is a length of fibers or thin wires that are twisted 
or braided together to form a strong and flexible line. 
See Figure 11-1. Most rope used in rigging and hoist- 
ing applications is wire rope. Wire rope is a highly 
specialized precision product that is adaptable to many 
uses and conditions of operation. To meet the require- 
ments of different types of service, ropes are designed 
and manufactured in a number of constructions and 
grades. The appropriate wire rope is selected based on 
the load weight, the potential for shock from accelera- 
tion or deceleration, the attachments needed, and the 
lifting conditions. 


Figure 11-1. Wire rope is used with hoists and cranes and 
can also be used to make lifting slings. 


Wire Metals 


Rope wires can be made from several types of metal, 
including steel, iron, stainless steel, Monel®, and bronze. 
Wire rope manufacturers select the wire that is most 
appropriate for the requirements of the rope. The most 
widely used material is high-carbon steel, which is 
available in a variety of grades, each providing slightly 
different properties to the wire. Grades of wire rope 
steel include traction steel (TS), mild plow steel (MPS), 
plow steel (PS), improved plow steel (IPS), and extra 
improved plow steel (EIPS). 
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Typical rigging and lifting wire rope is bright (un- 
coated). Steel that is galvanized (coated with zinc) 
may be required for harsh or corrosive environments. 
Galvanized wire rope is approximately 10% lower in 
strength than bright wire rope. 


Wire Rope Construction 


Wire rope js manufactured from thin metal wires. А 
certain number of metal wires are twisted into strands. 
A strand is a bundle of wires twisted spirally around an 
axis. Then a certain number of strands are wound spirally 
around a core. See Figure 11-2. A core is a strand of 
metal wire or fiber that forms the center of a wire rope. 
The strength and flexibility of a rope depends on the 
precise laying of each wire and the way the wires slide 
against each other as the rope flexes. 


Wire Rope Construction _ 


Figure 11-2. Wire rope is composed of a core surrounded 
by strands, each of which is composed of a specific pattern 
of wires of different sizes. 


ignati 


des 
from the observer. See Figure 11-3. Right-hand lay rope 
is rope with strands that spiral to the right (clockwise). 
Left-hand lay rope is торе with strands that spiral to 
the left (counterclockwise). The lay of the strands, in 
combination with the twist direction of the wires, results 
in regular-lay or lang-lay rope. 

A regular-lay rope is rope in which the wires in 
the strands are twisted in the opposite direction of the 
lay of the strands. In a right-hand regular-lay rope, the 
strands are twisted to the right, and the wires are twisted 
to the left. Similarly, in a left-hand regular-lay rope, the 
strands are twisted to the left, and the wires are twisted 
to the right. Regular-lay rope is easily identified because 
the wires follow the direction of the axis of the rope. 
Regular-lay rope resists untwisting under load. 
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Figure 11-3. The directions of the twists in wires and strands 
result in four different rope twist combinations. 


g-la is rope in which the wires and strands 
are twisted in the same direction. A right-hand lang-lay 
rope has wires that are twisted to the right and strands 
that are twisted to the right. A left-hand lang-lay rope 
has wires that are twisted to the left and strands that are 
twisted to the left. Lang-lay ropes are quickly identified 
by their wires crossing the axis of the rope at approxi- 
mately 45?. Lang-lay ropes expose more wires to wear 
at the outer surface, which increases the useful life of 
the ropes. Lang-lay ropes also have greater flexibility 
than regular-lay ropes but have a tendency to untwist 
under tension. 

Since it is constructed from twisted strands, rope may 
spin or rotate when used. Cabling is a rope's tendency 
to rotate and untwist when under load. This must not 
be allowed because it transfers all the load weight to 


Chapter 11 —Wire Rope and Wire Коре Slings 137 


the shorter, center core. Rotation-resistant ropes that 
consist of two or more layers of strands twisting in op- 
posing directions are available to counteract the cabling 
tendency. These ropes require special handling because 
they are susceptible to kinking, crushing, and unbalanc- 
ing. They also tend to have lower breaking strengths than 
similarly sized ropes. 

Strand Patterns. Wire rope strands often use multiple 
sizes of wire, arranged in specific patterns, to provide 
desired flexibility and wear characteristics for the rope. 
See Figure 11-4. While there are many patterns, the 
most common designs are filler wire, Warrington, Seale, 
and Warrington-Seale. 
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Figure 11-4. The wires in strands can be arranged in dif- 
ferent patterns, which change the strength, flexibility, and 
wear characteristics of the rope. 


Filler wire strands use fine wires to fill the gaps be- 
tween the major wires. The fine wires provide stability 
to the shape of the strand but contribute little strength. 
Filler wire rope is the most flexible but wears more 
quickly than Warrington or Seale wire rope. 
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Warrington wire strands are constructed of two 
or more Wire sizes. The Warrington pattern is easily 
distinguished by its alternating large and small wire 
sizes in the outer layer. The wire sizes in the interior 
lavers vary, depending on the strand size. Warrington 
wire rope is less flexible than filler wire rope but has 
better wear resistance. 

Seale wire strands also use multiple wire sizes but 
are not mixed within individual layers. All wires in the 
outermost layer are one size, and all wires in the next 
laver are another size. Seale wire rope is less flexible 
than Warrington wire rope but is the least susceptible 
to Wear. 

atio ngton-Seale wire strands possess 
the qualities of both wear resistance and flexibility. The 
outer laver is typically a Seale pattern, used for increased 
wear resistance. An inner layer is a Warrington wire 
pattern that provides increased flexibility. Warrington 
and Seale patterns may be alternated for each layer, and 
filler wires may be added between them. 


Cores. Wire rope strands are laid around a core. The 
core тау be a small wire rope. a wire strand, or a fiber 
(nonmetallic) strand. 

An independent wire rope core (IWRC) is itself a 
small wire rope. made from smaller wires. Wire ropes 
with an IWRC resist crushing and have consistent 
stretching properties. 

A wire strand core (WSC) is a single strand con- 
structed of multiple wires. This core strand is typically 
of the same size and pattern as the rope strands. 

A fiber core (FC) is made of synthetic or natural fi- 
bers, either polypropylene or hemp/sisal, and is shaped 
to keep the strands in place and cushioned. Fiber cores 
contribute greater flexibility to wire rope but are not 
as strong as WSC or IWRC types. 


Designations. Wire rope is classified according to 

pU um strands in the rope and the number of 
wires in each strand. For example, a 6 x 7 rope indi- 
cates а six-stranded rope with approximately 7 wires 
per strand. The second number in the designation is 
nominal in that the number of wires in a strand may be 
slightly higher or lower. For example, a 6 x 7 rope has 
between 3 and 14 wires per strand. Similarly, a 6 x 19 
rope has between 15 and 26 wires per strand. The 6 x 
19 classification includes constructions such as 6 x 21 
filler wire. 6 x 25 filler wire, and 6 x 26 Warrington- 
Seale. These constructions are all classified as 6 x 19 
rope. despite the fact that none of their strands have 
exactly 19 wires. 


Acronyms are added to rope designations to indi- 
cate the rope construction, the wire material, the core 
material, the core construction, the strand pattern, and 
other specifications. See Figure 11-5. For example, the 
designation “6 x 19W+FC RH OL FSWR" indicates а 
six-strand flexible steel wire rope with approximately 
19 wires рег strand in a Warrington pattern, with a fiber 
core and right-hand ordinary (regular) lay. 
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Wire rope core 
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Independent wire rope core 


Figure 11-5. Rope designations use acronyms to indicate 
rope characteristics. 


Wire Rope Diameter 


Due to the construction of rope, its cross section is not 
a perfect circle. Measuring the diameter of a wire rope 
accurately is problematic because it is possible to find 
different measurements based on the placement of the 
measuring calipers. Diameter measurements must be 
precise in order to detect excessive stretching in the rope 
that warrants its removal from service. Therefore. the 
diameter of wire rope has been defined as the smallest 
possible dimension that fully encircles the rope. See 
Figure 11-6. To measure rope diameter, the distance 
from a high spot on one side of the rope to a high spot on 
the opposite side of the rope is measured using calipers. 
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Figure 11-6. Wire rope diameter must be measured at its 
widest point. 


Wire Rope Strength 

The strength rating that is specified for rope is typically 
its breaking strength, not its rated load. See Figure 11-7. 
This is because there are many possible uses for wire 
rope, and each application may have its own safety factor. 
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Therefore, the hoisting personnel must carefully check 
the rope ratings and, if necessary, apply the appropri- 

actors and deratings in order to determine the ap- 
propriate rated load for the application. Safety factor, 
bending efficiency, and environmental conditions all 
affect rope strength. 


Breaking Strengths* of Selected Wire Кор 
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Figure 11-7. The breaking strengths of wire ropes vary by 
type, material, and size. 


Rated Loads. A safety factor is used to determine the 
rated load from the breaking strength. Most rigging ap- 
plications use a safety factor of 5, meaning that the rated 
load is one-fifth of the breaking strength. This provides 
a large margin of safety against failure due to normal 
variances in conditions of use. 

A rope is typically selected based on the maximum 
Joad it must support. The minimum breaking strength 
required to support a certain rated load is calculated with 
the following formula: 

5, = REX fag, 
where 

Silay = breaking strength (in Ib) 

RL = rated load (in Ib) 

ект Safety factor 

For example, what is the minimum wire rope break- 
ing strength required to lift a 4000 Ib milling machine 
directly with а hoist? Note: A safety factor of 5 is used 
because the load is a steady lift without shock. 

и. = КІ. X Ја 
ка = 4000 x 5 
— 20,000 Ib 


break 
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This information would then be used to choose an 
appropriate rope or confirm that an existing rope is 
adequate for the lift. In this example, the machine can 
be safely hoisted with a 2” (or larger) wire rope of any 
of the common types. 


Bending Efficiency. Ropes are often wrapped over 


sheaves (pulleys) or around loads while being used. 
This bending puts a rope under additional mechanical 
stress, which reduces its ability to withstand tension 
forces. See Figure 11-8. In fact, bending a rope over 
a small diameter can reduce its effective strength by 
more than 50%. 
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Figure 11-8. Tight bends reduce the effective strength of a 
rope and can permanently damage the wires. 


The degree to which a rope’s effective strength is 
reduced due to bending depends on the bend ratio. The 
bend ratio is the ratio of the diameter of a bend to the 
nominal diameter of the rope. The bend ratio is also 
known as the D/d ratio and 1$ calculated with the fol- 
lowing formula: 


D 
К, Тт 

а 
where 
R, = bend ratio 


bend 
D = diameter of rope bend (in in.) 


d = diameter of rope (in in.) 


The calculated bend ratio is then used with a chart or 
plot to determine the rope bending efficiency. Bending 


_ efficiency is the ratio of the strength of a bent горе to 


its nominal strength rating. See Figure 11-9. This efti- 
ciency data is compiled by laboratories that conduct load 
tests on ropes. The efficiency percentage is then used to 
derate the rópe's rated load using the following formula: 


КІ = RL X Yee 

2 ng! * pri 

where 

КГ. м, = rated load of rope after bending (in Ib) 


RL = rated load of rope (in Ib) 
Ң,. = bending efficiency 


Bending Efficiency 


x 
a 
о 
= 
Ed 
o 
I 
(МЕ 
ш 
о 
2 
a 
z 
Ш 
a 


15 ao 


BEND RATIO 


Figure 11-9. Rope bending efficiency increases with bend 
ratio. 


For example, what is the rated load after bending of 
а %” (0.375”) rope, which has a rated load of 2380 Ib. 
(11,900 Ib divided by a safety factor of 5) when wrapped 
over a 6" diameter sheave? First, calculate the bend ratio. 


JD 
bend d 
6 
Rod = ^ 
0.375 
16 


bend ^^ 


Тһе bend ratio of 16 is then used with a chart or 
plot for that particular rope to determine the resulting 
bending efficiency. (Note that while the shapes of bend- 
ing efficiency curves are similar, the values may vary 
between different ropes. Manufacturer's specitications 


should always be consulted when derating a rope for 
bending efficiency.) In this example, the rope has a 
bending efficiency of approximately 90% (0.90). 

= ^ЁХ Л, 


bend — end 


КГ, „= 2380 x 0.90 


ben 


КІ, = 21421b 


bend 


Therefore, even though this rope has a rated load of 
2380 lb, since it is used іп a way that bends the горе. it 
should not be subjected to forces greater than 2142 Ib. 
If the rated load ends up being too low for the applica- 
tion, either a different rope must be used or the rigging 
changed to reduce bending. For example, a larger sheave 
can be used. 


Moisture Exposure. The effects of moisture vary 
between rope types. Moisture causes steel wire rope 
to rust, which is a type of corrosion. Corrosion is the 
disintegration of a material due to chemical reaction 
with its environment. Since corrosion may occur on 
the inside first, damage due to rust may not be visible 
before the rope breaks. Wire ropes should be kept well 
lubricated to prevent rusting. 


Extreme Temperatures. Manufacturers supply data on 
the temperature limits of rope. Wire rope with a fiber 
core is typically rated for temperatures up to 180°F 
(82°С). Wire rope with a wire core is typically rated 
for temperatures up to 400°F (204°C). Overheating 
wire rope destroys the lubrication applied during manu- 
facturing, eventually leading to corrosion and loss of 
flexibility. Severe overheating may directly affect the 
metal, immediately weakening the rope. 

Chemical Activity. Exposure to corrosive chemicals can 
cause significant and rapid damage to rope. Rope used 
in chemically corrosive environments, such as battery 
shops, metal-plating shops, pickling plants, or pulp and 
paper mills, must be designed specifically to resist the 
chemicals present. Wire rope made from stainless steel 
or coated with vinyl, nylon, Teflon®, or zinc is recom- 
mended for corrosion resistance. 


WIRE ROPE SLINGS 


Wire rope is used extensively with hoists and cranes 
of all types, and it is also used to fabricate slings. Wire 
rope slings are strong, durable, and relatively flexible, 
making them a commonly used sling type for a variety 
of rigging applications. See Figure 11-10. 

Wire rope slings are fabricated from a length of wire 
rope. The rope must first be cut, and then the two ends 
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are terminated in some way to allow the rope to be used 
with other rigging hardware. Terminations involve ei- 
ther forming and securing an eye with a loop of rope or 
attaching an end fitting of the desired type. Slings can 
incorporate a combination of any two types of termina- 
tions, depending on the rigging requirements. 


Wire Rope Slings 


Figure 11-10. Slings are made from lengths of wire rope 
with terminations at each end. 


Terminations affect the rated load of a sling because the 
necessary bends may weaken the rope. and the fastenings 
may not have the same strength as the rope. Termination 
efficiency is the ratio of the rated load of a wire rope sling to 
the rated load of the unterminated wire rope. For example. 
a termination with 90% efficiency reduces the rated load of 
the sling to 90% of the rated load of the wire rope. 

Wire rope slings are commonly purchased prefabri- 
cated with the desired rope size. length. and end fittings. 
However, with the proper tools. qualified personnel can 
also fabricate custom wire rope slings. 
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Seizing and Cutting 


Before cutting, a rope end must be bound to prevent 
strand unraveling or unsafe loose wires. Seizing is the 


wire wrapping that binds the end of a wire rope near 


where it is cut. See Figure 11-11. The binding holds 
the strands firmly in place. Adequate binding prevents 
rope distortion, flattening, or loosening strands while 
making terminations. Inadequate binding may allow 
uneven distribution of the load on the strands during 
lifting, which reduces strength and shortens rope life. 

Normally, one seizing on each side of the planned cut 
is sufficient for preformed wire rope. Preformed rope is 
wire rope in which the strands are permanently formed 
into a helical shape during fabrication. The wires in 
preformed ropes do not easily unravel when cut. Com- 
mon wire ropes (those that are not preformed or are 
rotation resistant) normally require a minimum of two 
seizings on each side of the cut, which are placed six 
rope diameters apart. Other seizing requirements vary 
based on rope size. Always check the manufacturer’s 
specifications for recommendations. 

The typical method for seizing a wire rope is to lay one 
end of the seizing wire between two strands of the wire 
rope. A seizing bar is used to wind the other end of the 
seizing wire tightly around the rope, without overlapping, 
until the required seizing width is obtained. The seizing is 
secured by twisting the ends of the seizing wire together. 

The wire rope is then cut using a rope shear, an 
abrasive cutoff wheel, or an oxyacetylene cutting torch. 
Shearing or abrasive cutting leaves a sharp edge that 
should be filed smooth. An oxyacetylene cutting torch 
is preferred because the heat also fuses the strands and 
strand wires together. 


Eye Terminations 


An eye is fabricated by turning the end of the cable 
back on itself so that it forms a loop with a dead end. 
See Figure 11-12. The dead end is the loose end of 
a rope. The live end is the load-lifting end of a rope. 
A thimble is often used to support the loop. The loop 
must then be secured by binding the dead and live ends 
together atthe base of the eye. Most slings use swaged 
sleeves, particularly prefabricated slings. U-bolt clips 
can also be used to form an eye in wire rope, but ОЗНА 
generally prohibits this method for fabricating slings. 


Eye Terminations 
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Figure 11-12. Eye terminations are formed by turning the 
end of the cable back on itself so it forms a loop. 
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Figure 11-11. Seizing is wire wrapping added to wire rope to prevent unraveling or loose wires after cutting. 


Thimbles. А thimble is a curved piece of metal that 
supports а loop of rope and protects it from sharp bend 
and abrasion. See Figure 11-13. A thimble prevents 


damage to re rope by both preventing wear on the 
inside of the eye and maintaining the diameter of the 
lex p. Ihimbles may also be | th natural fiber or 
ynthet fiber rop 

Fhimbl e le from formed or cast metal. 
They must be sized according the diameter of the 
rope b > used. Proper sizing is important because 
thimble that is too si damage by pinching 
th $ t t (( rg eS not give 
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Figure 11-13. A thimble is a metal guard that protects the 
inside surface of a rope eye from abrasion and tight bending. 


a compression 


 Swaged Sleeves. A swaged sleeve 1 


fitting that is crimped onto the two portions of wire 


rop it meet at the base of an eye loop. See Figure 
11-14. The sleeve is threaded onto the end of a rope 
before the eye loop OTI Then the rope end 
inserted back into the sleeve, forming the loop. 
Aft ert thimble, 1f a and adjusting the 
size of the loop, the sieeve vaged curing the 
ey op. $waging nechanical process of form- 
ing a metal into a certain shape, usually at ambient 
temperatures. The sleeve is made from a material that 
oft enough to deform during installa 


ight mechanical bond to the rope. 
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A special crimping tool is used to compress the sleeve, 
causing the inside surface to mold around the shape of 
the rope. This is an effective method of fastening the 
rope parts together. The efficiency rating is between 
90% and 100%. 


Swaged Sleeves 


SWAGED SLEEV 


Figure 11-14. Swaged sleeves are fittings that are crimped 
onto the bases of wire rope eyes. 


U-Bolt Clips. U-bolt clips, also called wire rope clips, 
are used to hold two parts of a rope together with a nut- 
and-bolt-like fastener. A U-bolt clip consists of a saddle, 
a threaded U-bolt, and two nuts. The clip should be as- 
sembled with the U-bolt in contact with the dead end of 
the wire rope and the saddle in contact with the live end. 
Otherwise, the rope could be damaged and weakened 
if the U-bolt is tightened onto the live end of the rope. 

Only wire rope clips that are manufactured spe- 
cifically for rigging and hoisting applications should 
be used. These clips have forged steel saddles and are 
many times stronger than non-load-rated clips, which 
have cast iron or zinc saddles. 


It is possible to splice an eye in wire rope. The concepts of 
unlaying and then interweaving the strands are the same 


as with fiber rope but more complicated. Wire rope involves 
more than three strands, and its stiffness makes it much more 
difficult to work with. 
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Clips must be arranged, spaced, and assembled prop- 
erly to maintain the strength of a rope. See Figure 11-15. 
Phe required turnback length and number of clips are 
determined by the rope size and/or the manufacturer's 


specifications. The rurnback is the portion of the end of 


a rope that is folded back on itself. The first clip is placed 
near the end of the turnback, and the nuts are tightened 
alternately with a torque wreneh to the manufacturer's 
recommended torque value. The second clip is placed at 
the end of the thimble. and the nuts are firmly tightened 
but not fully torqued. Any other clips are spaced evenly 
between the first two and torqued. Finally. a load is placed 
on the rope. and the nuts of every clip are retorqued. The 
efficiency of a termination made with clips is approxi- 
mately 80%. 

When in use, wire rope clips must not be in contact 
with the load or with other obstructions. When per- 
forming periodic inspections of wire rope eyes with 
clips. the nuts should be retightened to the manufac- 
turer's specifications. 


U-Bolt Clips i 
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Figure 11-15. U-bolt clips are used to secure the end of a 
wire rope in an eye. 


Socket Terminations 


A socket is a fitting attached to the end of wire rope to 
provide a means for making strong connections. Sockets 
provide closed or open fittings to which other rigging 
hardware can be attached. A closed fitting is a solid loop. 


An open fitting has a part that can be removed in order 


to attach it to a closed fitting. 


Wire rope sockets include swage, spelter, and wedge 
designs. Swage and spelter sockets are permanent wire 
rope attachments and have the highest efficiency ratings 
at 95% to 100%. Wedge sockets can be installed and 
removed as needed. Their efficiencies are around 80%. 
Swage Sockets. A swage socket is a socket that is com- 
pressed onto the end of a wire rope. See Figure 11-16. А5 
with swaged sleeves, a swage socket must be compressed 
in a hydraulic press to achieve the necessary binding to 
a rope. The inside of the socket conforms to the shape of 
the rope strands and locks the socket into place. 
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Figure 11-16. A swage socket is compressed with high 
pressure onto the end of a wire rope until the collar conforms 
to the shape of the rope. 


Spelter Sockets. A spelter socket is a socket that uses 
molten zinc or resin to secure the end of a wire rope in- 
side the socket. See Figure 11-17. A rope end is inserted 
through а socket collar, and the individual wires are 
separated and fanned out. Molten zinc or resin is poured 
into the collar and hardens around the wires, creating a 
solid wedge-shaped assembly that resists sliding back 
through the socket. 

Wedge Sockets. А wedge socket is a socket that holds a 
loop of wire rope securely with a wedge that is tightened 
by tension on the rope. See Figure 11-18. Wedge sockets 
are popular because they can be installed and repositioned 
quickly and easily. However, due to its design, a wedge 
socket can be installed incorrectly, creating a sharp bend 
on the live end of a rope. The live end must be aligned with 
the socket. The exposed dead-end section must extend out 
of the wedge a minimum of eight rope diameters. 
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Figure 11-17. A spelter socket is locked onto the end of 
a wire rope by forming a wedge out of fanned-out wires 
encased in resin or zinc. 
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Figure 11-18. A wedge socket holds tightly to a wire rope 
when the rope is under tension. 
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WIRE ROPE INSPECTION 


After a wire rope has been in service a short while, 
its breaking strength actually increases slightly. See 
Figure 11-19. This is because the wires settle into 
position within the strands, making the strands more 
solid and uniform. However, further normal use then 
decreases the strength of the wire rope, first gradually 
and then rapidly, due to wire breaks, corrosion, and 
abrasion. This process can be monitored with frequent 
inspections so a wire rope can be removed from service 
before the strength decreases significantly. 
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Figure 11-19. Wire rope strengthens slightly after use, and 
then begins to lose strength. It should be removed from 
service before it is significantly weakened. 


Broken wires are a common problem. See Fig- 
ure 11-20. Damage in a small area indicates physical 
contact with sharp edges. Wires broken in many places 
throughout the rope indicate a severe overloading condi- 
tion. А rope can tolerate a small number of broken wires, 
but a rope must be removed from service if it has an ex- 
cessive number of wire breaks. The limit to the number 
of allowable wire breaks may vary depending on the rope 
size and type. However, a rope with a break in an entire 
strand must be removed immediately. 

Corrosion may be general or localized. Signs of 
corrosion include discolored wires, rusty residue, 
a roughened or pitted surface, or slackness within 
strands. A loss of diameter, often caused by corrosion, 
of more than 10% is considered reason for removal 
of the rope from service. 
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Types of Wire Rope Damage 
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Figure 11-20. Inspections of wire rope and wire rope slings 
should look for evidence of excessive wear or other types 
of damage. 
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Kinking is a sharp bend that permanently deforms the 
lay of rope strands. Kinking is caused by the tightening of 
a loop that is restrained from untwisting. This can happen 
from improper storage or improper removal of wire rope 
from a spool. Kinking significantly weakens a wire rope. 

Wire rope can be crushed when trapped under or be- 
tween heavy loads. The pressure distorts the arrangement 
of the wires in the strands and the strands in the rope. It can 
also break individual wires. Any sign of crushing requires 
removal of the rope from service. 

Excessive wear on a wire rope flattens the outer layer 
of wires. Wear is quantified by periodically measuring the 
rope diameter. Rope should be replaced when the diameter 
narrows beyond the allowable limit. See Figure 11-21. 


Wire Rope Wear Limits 
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Figure 11-21. Wire rope should be replaced when wear 
reduces its diameter by a certain amount. 


outer layer of strands becomes longer than an inner layer. 
Bird caging occurs from tight sheaves, shock loading, in- 
correct fitting installation or swivel use, or the application 
of a heavy load before the strands have settled. 

Loose outer wires can form small loops, often in mul- 
tiple strands along one side of a rope. If rope use continues, 
the loops can become flattened into small tangles of wires. 
This deformation is often caused by shock loading, tight 
bends, or kinks. 

Core protrusion occurs when strands are forced apart 
and the core material is squeezed out from between the 
strands. This can be caused by shock loading or, in the case 
of fiber cores, swelling due to the absorption of moisture. 
This protrusion is also called a node, due to the localized 
increase in rope diameter. 
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ҒІВЕК КОРЕ 


AND KNOTS 


INTRODUCTION 


Fiber rope is not as strong or durable as wire rope, so it has limited applica- 
tions for large and heavy lifts. However, it has advantages that make it ideal 
for certain applications. Fiber rope is soft and flexible, which makes it pos- 
sible to tie it into a wide variety of knots and hitches. Knot tying is a critical 
skill. Several basic knots, along with their appropriate applications, should be 
mastered by all lifting personnel. 


OBJECTIVES 


* Identify the types of fibers used in making fiber rope. 

* List and describe the way fiber rope is constructed. 

* Describe the factors that affect fiber rope strength. 

* List the methods of binding the cut end of a fiber rope. 

e Describe the common types of wear and damage to look for while inspecting 
fiber rope. 

* Identify the parts of a rope involved with knot tying. 

* Identify the proper knot, hitch, or bend for a given application. 

‚ Describe how to fabricate a short splice, back splice, and eye splice. 
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FIBER ROPE 


Fiber rope is inexpensive, very flexible, and will not 
gouge or mar load surfaces. However, while some 
types of fiber rope and fiber rope slings are rated for 
lifting applications, they are not commonly used in 
industrial or construction settings. The primary dis- 
advantage is that fiber rope is not as durable as wire 
rope, and it can be easily cut or frayed by sharp edges 
or abrasive surfaces. It is also not as strong as wire 
rope of similar size. 

Fiber ropes do have useful applications in the lift- 
ing industry however. First, they are commonly used 
for relatively small, simple lifts. Also, since they 
can be easily knotted, fiber ropes are often used to 
secure loads to one another or to objects. For large 
and safety-critical lifts, fiber ropes are generally only 
appropriate for use as tag lines. See Figure 12-1. 
However, this application still requires knowledge of 
fiber rope characteristics and skill in tying effective 
knots. Therefore, it is important for lifting personnel 
to study and work with fiber ropes regularly. 


Fibers 


Fiber rope is broadly classified by the material, either 
synthetic or natural, used to construct it. A variety of 
synthetic materials may be used for lifting ropes, but 
the most common materials are nylon, polyester, and 
polypropylene. See Figure 12-2. Some ropes are made 
from a single material, and some use a combination of 
materials, such as nylon and polyester. Synthetic ropes 
are nearly universal in the lifting industry because of 
their consistent characteristics and special properties, 
such as chemical resistance. Also, synthetic fibers are 
stronger than natural fibers. However, synthetic fibers 
tend to be more slippery than natural fibers, which 
can affect the holding power of some knots, hitches, 
and splices. 

Natural fibers are processed from plants. Natural 
fibers used in manufacturing rope include manila, 
hemp, cotton, and sisal. Manila fiber may be used for 
lifting ropes, and sisal is sometimes used as a core 
material in wire rope. Since the growth and health 
of a living plant varies, so too does the quality of the 
harvested fibers. This quality affects the properties of 
the finished rope. The resulting rope is classified by 
the quality of fiber used. The four common manila 
rope classifications include yacht rope, number 1, 
number 2, and hardware. Only yacht and number 1 


may be used for lifting applications. A disadvantage 
of natural fibers is that they are vulnerable to mildew, 
rot, and decay. 


Fiber Rope as Tag Line 


Figure 12-1. Fiber ropes are most commonly used as 
tag lines. 


All fiber rope is initially constructed by gathering groups of fibers 
into strands. These strands are then woven into rope by following 
a certain pattern. 
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Fiber Rope | 


Nylon Polyester Ројургоруіепе 


E 
Material 
У, | 

Туре | Synthetic | Natural 

Rot resistance | Excellent | Excellent Excellent Poor Poor 

Mildew resistance | | Excellent | Excellent Excellent Poor Poor 

Oil and gas resistance | Excellent _ | Excellent | Excellent Fair Fair 
_ Acid resistance |. | |... Good | Excellent Excellent Poor Poor 

Handling | Excellent | Excellent Good Fair Poor 


Durability Excellent Excellent Good Good 
JE iem 8 ail z 
Abrasion resistance |... Excellent Excellent Fair Good 
Dynamic load resistance | Excellent Good Fair Fair 
SS SS алыл лі. 


_ Sunlight resistance - Ji Fair Excellent Poor Excellent Excellent 
Buoyancy | Sinks Sinks Floats Sinks Sinks 


Figure 12-2. Fiber rope includes synthetic and natural fiber types, each with different characteristics. 


Fiber Rope Construction Twisted Fiber Rope F 


Twisted fiber rope, similar to wire rope, is constructed by 


twisting fibers into yarn, yarn into strands, and strands у FIBERS 

into rope. See Figure 12-3. A yarn is a continuous line í 

н кене Gm lene (ms FIBERS 
о! fibers twisted together. A yarn is made by twisting the / TWISTED 
fibers clockwise. Several yarns are then twisted together / INTO YARN 


counterclockwise to create a strand. Three or more strands 
are then twisted clockwise to create the rope. Reversing 
the twist of each step prevents the rope from unwinding. 
Twisted fiber rope may or may not have a core. 
Synthetic fiber rope can also be constructed by 
braiding or plaiting, instead of twisting, the strands. See 


> 

= | мех? Ж YARN TWISTED 

Figure 12-4. Braiding is the weaving of three or more STRANDS ~ INTO STRANDS 
wis ; 61 оре. Various braiding р: 6 № 

untwisted strands into а горе. Various braiding pattern Ў STRANDS TWISTED 


can be used to create hollow ropes, solid ropes, and INTO ROPE 
wide. ribbon-like bands 


The handedness of rope twist is the direction of a twist as it 
progresses away from an observer. The capital letters"S" and 


"7" are also used to indicate twist, as suggested by the slant 
of the letters'central portions when compared with the slant 
of the strands on the side of a rope. A right-handed rope has 
a Z-twist, and a left-handed rope has an S-twist. 


Figure 12-3. Twisted fiber rope is composed of twisted 
strands, each of which is composed of twisted yarns, each 
of which is composed of twisted fibers. 
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Figure 12-4. Synthetic fiber ropes can also be constructed 
by braiding or plaiting the strands, which may or may not 
be twisted. 


Single-braid rope consists of an even number of 
strands woven into a tube shape. This braid may be 
used to cover a core material, or the interior may be 
left void. Double-braid rope consists of completely 
separate inner and outer braids, which may be of dif- 
ferent materials. Often, the inner material has greater 
strength while the outer material has better abrasion 
resistance. In both single and double braids, half of 
the strands spiral clockwise while the other half of 
the strands spiral counterclockwise. Alternatively, 
solid-braid rope uses strands that all spiral in the 
same direction but alternate between the inner and 
outer layers. 

Plaiting is the weaving of four pairs of alternately 
twisted strands into a rope. Two right-hand pairs of 
strands are twisted counterclockwise and two left-hand 
pairs are twisted clockwise. This results in inherently 
nonrotating rope. 


Fiber Rope Length and Diameter 


Fiber rope can stretch considerably under tension, 
which lengthens it and reduces its diameter. Also, it is 
relatively soft and flexible. These qualities complicate 
the precise measurement of a rope for identification and 
inspection purposes. When measuring a rope, it should 
be laid out straight on a table or clean floor. 

Fiber rope diameter specifications are given in 
nominal sizes, or close approximations of the average 
size. A nominal value is a specified value that may vary 
slightly from the actual value. Most likely, the actual 
diameter of a used rope will be slightly smaller than 
the nominal diameter, due to settling of the fibers and 
minor, permanent elongation. New ropes are typically 
closer to the nominal value. 

Rope length is measured with lays. See Figure 12-5. 
A lay is the length of rope in which a strand makes one 
complete spiral wrap or braiding/plaiting pattern. (This 
meaning for the word "lay" is in addition to the meaning 
indicating the direction of twist.) This unit of measure 
is consistent and relatively easy to identify. 

For twisted rope, a strand can be traced around 
the rope until it is on the same side of the rope as the 
starting point. In braided or plaited rope, it is difficult 
to follow a single strand through a pattern. Therefore, 
rope manufacturers often include one or two differently 
colored strands that appear on the surface of the weave 
at regular intervals. Each interval is a lay that can be 
used to determine length. 


Many terms and construction types are shared between wire 
rope and fiber rope, at least for twisted ropes. For example, 
both wire and fiber ropes can be described by their combina- 


tion of twists, such as regular lay and right-hand lay. Also,the 
lay length of wire rope is frequently measured in the same 
manner as the lay length of fiber rope, and this information 
is used to identify permanent stretching. 


Fiber Rope Strength 


There is a significant difference between the strengths 
of different ropes, depending on size, fiber material, and 
construction type. See Figure 12-6. Generally, synthetic 
fiber ropes tend to be stronger than natural fiber ropes. This 
is partly because the synthetic materials are stronger and 
partly because synthetic fibers are continuous throughout 
the length of a rope while natural fibers are short lengths 
spun together. 
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Figure 12-5. A lay is a unit of length that can be used to de- 
termine how much a rope has stretched due to age or use. 


As with wire rope, fiber rope strength 15 provided as а 
breaking strength. This does not account for a safety factor, 
since the appropriate safety factor may vary depending on 
the application. In most cases, though, a safety factor of 5 is 
used. This makes the rated loads one-fifth of the breaking 
strengths. Other factors related to the use and conditions 
of a rope may affect the final rated load. 

When used with sheaves (pulleys), fiber rope strength 
should be derated for the weakening effect of bending. Just 
as for wire rope, the bend ratio can be calculated from the 
sheave and rope diameters. Then the bending efficiency for 
the rope can be researched in the manufacturer’s literature. 
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Knot Efficiency. Unlike wire rope, fiber rope can be 
tied into knots. As with bending, the extreme turns and 
pinches resulting from knots can reduce the strength of 
a rope significantly. Knot efficiency is the ratio of the 
strength of a knotted rope to its nominal strength rating. 
See Figure 12-7. That is, a rope with a knot with an 80% 
efficiency retains only 80% of the strength of the same 
rope without a knot. 


Knot Efficiency 


REDUCED 
STRENGTH 


Figure 12-7. A knot reduces the strength of a rope. Knot 
efficiency is the amount of rated load that the rope retains 
after being knotted. 
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Figure 12-6. Synthetic fiber ropes are generally stronger than natural fiber ropes, though the strength varies with construc- 


tion type. 
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Knot efficiency depends on many factors, however, 
such as fiber type, rope type, rope size, rope condition, 
manner of loading, and knot dressing. (Dressing is the 
adjustment of a knot as it is tightened for a clean look 
and tight arrangement.) Therefore, efficiency values can 
only be approximations and should be used cautiously. 
These values are most useful as relative values for com- 
paring knots with each other. For example, a knot with 
an 80% efficiency rating probably varies between 70% 
and 85% efficiency in actual use, but it is still likely to be 
more efficient than a knot with a 70% efficiency rating. 


Environmental Conditions. Environmental conditions 
are major factors in fiber rope strength, even more than 
for other types of lifting ropes and slings. Natural fiber 
ropes are particularly vulnerable to environmental 
damage, though synthetic ropes are also susceptible, 
especially from extreme temperatures. 

Natural fibers can absorb moisture, which leads to 
decay or rot. Therefore, most rope manufacturers treat 
natural fiber rope with waterproofing. However, enough 
moisture may still be absorbed to significantly weaken 
a natural fiber rope, particularly when frozen. Natural 
fiber rope must be completely thawed before use. Most 
synthetic fibers do not absorb moisture, but the rope may 
still become brittle and weakened if coated with ice. 

Fiber ropes are typically rated for use in the tempera- 
ture range of —20?F to 180°F (-299С to 82°C). High 
temperatures dry out natural fibers, making them brittle 
and easily breakable. Synthetic fibers tend to soften in 
high temperatures, allowing the rope to stretch and lose 
strength. Very low temperatures tend to make either type 
of fiber brittle. 

Natural fiber ropes cannot be used in chemical en- 
vironments because natural fibers deteriorate quickly. 
Synthetic fibers withstand many chemical environ- 
ments, making synthetic fiber ropes particularly well 
suited for applications in these environments. How- 
ever, resistances vary, so the manufacturer’s literature 
should always be consulted before using a rope in a 
chemical environment. 


Whipping 


Similar to wire rope, fiber ropes should be bound at the 
ends before cutting. As fiber ropes are more likely to un- 
ravel than wire ropes, bindings are critical. A number of 
methods can be used to bind ends. A traditional method 
is called whipping, which is very similar to seizing wire 
ropes. Whipping is the wrapping of twine that binds the 
end of a fiber rope near where it is cut. See Figure 12-8. 
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Figure 12-8. Fiber rope whipping is completed before cut- 
ting in order to bind the strands together. 


The whipping material is flexible twine or thin 
strands of synthetic fibers. First, the twine is formed 
into an elongated loop, which is laid along the rope to be 
whipped. Then the twine is wrapped tightly around the 
rope and over the loop while gradually working toward 
the rope end. The turns are laid hard against each other 
without overlapping. When the whipping is of sufficient 
length, the loose end of the twine is threaded through 
the remaining part of the loop. The loop is then drawn 
beneath the whipping by pulling the other end of the 
twine. Both loose ends of the twine are trimmed, close to 
the turns, and the rope is then cut. After cutting, the ends 
of some synthetic fiber ropes are also fused with heat. 

A number of alternative binding methods can also be 
used. See Figure 12-9. A common method is to wrap 
an end in self-adhesive plastic tape, usually electrical 
tape. Similarly, a short length of heat-shrink tubing 
can be threaded onto the rope and shrunk over the end. 
Another method is to apply a special liquid coating to 
the last inch or two of a rope end. The coating forms a 
rubbery, flexible coating on the end when dry. Some- 
times the end of a rope is simply fused with heat, which 


is very effective if done thoroughly. However, it can 
be difficult to ensure that all the fibers around the edge 
are completely fused. Finally, the end of a rope can be 
rewoven into a back splice, which forms a smooth end 
with a thicker diameter for the last few inches. 
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Figure 12-9. Besides whipping, there are other common 
methods of binding the end of a cut rope to prevent un- 
raveling. 
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FIBER ROPE INSPECTION 


Due to its more flexible nature, fiber rope can be in- 
spected more thoroughly than wire rope. The strands of 
a fiber rope can often be pulled open slightly to inspect 
the interior for dirt and grit, which can gradually wear 
fibers to the breaking point. However, the strands must 
be opened very carefully to avoid causing distortions 
that reduce the strength of the rope. 

Before each use, the exterior of a rope should be 
inspected for signs of excessive abrasion, wear, cuts, 
kinking, moisture damage, thermal damage, and chemi- 
cal damage. See Figure 12-10. A fiber rope may have 
many frayed, fuzzy surface fibers due to gradual abra- 
sion and wear. Wear due to frequent sheave (pulley) use 
may cause matted or glazed fibers on the surface due 
to heat buildup. The level of wear considered excessive 
depends on the extent of the damage and the proportion 
of the outer strands that are worn away. 


Fiber Rope Damage | | 
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Figure 12-10. Common types of damage to fiber rope 
include cuts, kinking, excessive wear, and thermal damage. 
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Cuts are localized damage caused by contact with 
sharp edges of loads or other equipment. A rope should 
be removed from service if it has cuts with more than a 
few broken fibers. If the damage is near an end, and the 
rope is otherwise acceptable, it may be possible to remove 
the damaged portion and use the remainder of the rope. 

Kinks are often formed when loops of rope cannot 
untwist when pulled tight, distorting the lay of the strands 
at one spot. Similar distortions can also be caused by exces- 
sively twisting a rope in either direction. Minor kinks can 
sometimes be undone by applying an opposite twist to a 
rope until the rope lays flat and the strands twist uniformly. 
If this is not possible, the rope should be discarded. Braided 
and plaited ropes do not usually form kinks. 

Mold or mildew may be present in a rope that is repeat- 
edly exposed to moisture and not dried promptly. This 
contamination appears as black spots or areas that cannot 
be easily cleaned. There may also be a musty odor. Natural 
fiber ropes with any sign of mold or mildew should be im- 
mediately removed from service, as they may be seriously 
weakened. Synthetic fiber ropes may not be adversely af- 
fected by mold or mildew. The rope manufacturer should 
be consulted on a course of action in these situations. 

Thermal damage on a rope can be caused by excessive 
friction when it is wound around sheaves or from direct 
contact with flames or hot equipment. Natural fibers tend 
to become charred from heat, while synthetic fibers tend to 
melt. Very small amounts of heat damage may be accept- 
able, but if in doubt, a rope should be discarded. 

Chemicals may cause discoloration or physical damage 
to fibers. Discoloration may not affect rope strength at all, 
but physical damage to fibers can significantly weaken 
rope. The degree of damage depends greatly on the chemi- 
cal and type of rope fiber. Unless the exact nature of the 
chemical exposure is known and it is unlikely the rope was 
affected, then the rope should be discarded if there is any 
evidence of chemical exposure. 


KNOT TYING 


Fastening loads with fiber rope normally requires tying 
some type of knot. А knot is the interlacing of a part of 
à rope to itself, which is then drawn tight. Knots are de- 
signed to form a semipermanent connection that can be 
later untied. The sharp directional changes and pinching of 
the rope in a knot can weaken a rope by as much as 55%. 

The generic term "knot" is frequently used to describe 
any intentional crossing in a rope. More specific terms are 
used to describe the purpose for which the knot is made. 


A hitch is the binding of rope to another object, often tem- 
porarily. Without the other object, the hitch will not retain 
its proper form. A bend is a category of knots that are used 
to tie the ends of two ropes together. 

There are dozens of knots, hitches, and bends that are 
useful for securing, binding, arranging, attaching, and lift- 
ing loads. Some, especially the most common, originated 
thousands of years ago and are used in many different ways, 
while othets are newer, more specialized types. Many, 
especially those with long histories, have multiple names. 
Also, some related knots look similar but 
have very different characteristics. Rigging 
personnel should be careful when studying 
and tying knots to use them accurately and 
appropriately. The improper application 
and execution of a knot can have disastrous Knots, Hitches, 
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consequences, and rigging personnel need ән a 
to understand why one type of knot should ^ qr.njatcdb.org 
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be used instead of another. 

Even though it may be easy to visualize 
some of the simpler knots without tying them, rigging per- 
sonnel should practice forming and applying these knots 
as part of their training. Knot tying is a skill that involves 
not only knowledge of the type of knot to be used but also 
spatial awareness and hand-eye coordination, which only 
come with practice. The proper tying of certain types of 
knots is also a requirement for certification testing. 

Knots that are unstable have a tendency to capsize and 
should not be used for rigging. Capsizing is the tendency 
of a knot under load to change form, often in an adverse 
way. Other knots can be used safely but have a tendency 
to jam, making them difficult to untie. Therefore, they 
may not be the best to use for a given application. Another 
consideration is whether a knot has the potential to close 
up around a part of a worker's body and trap them or cause 
injury. This can be avoided if the proper type of knot is used. 


A bowline knot is one of the most common and useful knots for a 
wide variety of applications. 


Rope Terminology 


Fiber rope work, particularly knot tying, requires some 
knowledge of special terminology. Names have been given 
to the different parts of a rope to help describe how the 
parts are involved in each step of a knot-tying procedure. 

Most rope terminology was derived from nautical 
(sailing) terms. See Figure 12-11. A bight is a loose 
or slack part of a rope between two ends. A Joop is 
the folding or doubling of a line to create an opening 
through which another line may pass. A nip is a pressure 
point created when a rope crosses over itself after a turn 
around an object. A nip holds a knot together because 
its pressure, along with the friction of the rope material, 
keeps the rope from slipping through and loosening. 

The portions of rope involved are identified as work- 
ing or standing. The working part is the portion of a 
rope involved in making a knot, hitch, or bend. The 
working end is the end of a working part. The work- 
ing part of a rope is loose, and the end can be passed 
through or around other objects or the standing part of 
the rope. The standing part is the portion of a rope that 
is unaltered or not involved in making a knot, hitch, or 
bend. The standing end is the end of a standing part. 
The standing end is often attached to some other object, 
making it taut and unable to be worked. 


Rope Terminology 


STANDING 
PART 
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Some knots are formed using the working end of a 
rope. This type of tying may be necessary if the rope 
must pass through an object. such as a ring. Other 
knots are formed at some point along a rope and do not 
require threading the rope end at all. If these knots are 
used with an object. the rope must be able to be passed 
over one end of the object. Finally. some knots can be 
tied either way and have two sets of tying procedures. 
For these knots, a distinction must usually be made 
between the two methods. The first type is typically 
called "end tying.” “threading the end.” or something 
similar, while the latter is typically called “tying on the 
bight,” “loops tying.” or something similar. 


Common Rigging Knots 


Rigging knots are primarily used in one of three ways: 
as stopper knots, to fasten two ropes together. or to form 
loops. A stopper knot is a category of knots that are 
used to prevent the ends of ropes from slipping through 
openings or other knots. Knots that fasten ropes together 
are typically used to bind and secure loads. Loops are 
typically used for attaching ropes to other objects. There 
are hundreds of different knots and variations, but only 
a few are needed for most applications. Rigging person- 
nel should be well-versed in the common rigging knots. 


WORKING 
PART 


Figure 12-11. Certain terminology is used to identify specific parts of a rope, particularly when describing how to tie a knot. 
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Overhand Knots. The overhand knot is a fundamen- 
tal knot and forms the basis for many other knots. 
See Figure 12-12. This knot is very secure, to the point 
where it is difficult to untie after it has been tightened 
under tension. Its knot efficiency is about 50%. If the 
overhand Knot is slid over an object as tension is ap- 
plied to the ends, а marline (also spelled "marlin") hitch 
is formed. Marline hitches. or halt hitches, сап be used 
in conjunction with a spar hitch or rolling hitch to help 
control a load when hoisting a long object vertically. 
They can also be used to bind rolled up materials, such 
as tarps, carpeting, or linoleum. An overhand knot is 
tied by applying the following procedure: 


1. Form a loop with the working part over the stand- 
ing part. 


n3 


. Pass the working end underneath the loop and back 
up through it. 


3. Tighten by pulling on the working end. 
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Figure 12-12. An overhand knot is a simple, effective knot 
and is difficult to untie. 


Square Knots. A square knot is a method of tying to- 
gether two ends of the same rope, such as when a rope 
is wrapped around an object and the two ends meet and 
are knotted together. See Figure 12-13. While common, 
a square knot is not very secure and should never be used 
to fasten two different ropes together or for any critical 
application It may, however, be used for noncritical 
fastening, such as tying down а (агр. This knot must be 
mastered ig order to pass certain rigging exams, but its 
limited utility and likelihood of tying incorrectly make it a 
knot to be avoided for everyday rigging. This knot is also 
commonly known as a reef knot. It is about 45% efficient. 
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Figure 12-13. A square knot is formed from two successive 
overhand knots. Care must be taken to tie the knot properly 
to avoid inferior variations. 


А square knot is formed by а combination of two 
overhand knots, though special attention should be 
paid to the way the ends are crossed. When done 
improperly, it forms a granny knot, which is infe- 
rior in holding power and can release suddenly and 
unexpectedly. When done properly, the knot will 
lay relatively flat and be symmetrical. Also, each 
working end will lay next to its standing part. If tied 
improperly, the ends come out at right angles to the 
standing parts. A square knot is tied by applying the 
following procedure: 


|. Arrange the two rope ends side by side but pointing 


opposite direction 


n3 


. Cross one end over the other. 

3. Pass the end of the top rope underneath and around 
the bottom rope. This forms a loose overhand knot 

4. Cross one end over the other. The top rope must be 
the same rope that was on top in step 2 

5. Pass the end of the top rope underneath and around 

the bottom rop 


6. Tighten by pulling on the working ends 


Bowline Knots. A bowline knot, which is pronounced 
"BO lin,” is one of the most 
knots. It forms a loop that is fixed in size at the end of 
a rope. See Figure 12-14. This knot has an efficiency 
of about 75%. As more strain is placed on the rope, the 


important and versatile 


knot becomes tighter, but the loop does not constrict. 
When not under strain, the knot is easily released. In 
fact, the primary disadvantage of the bowline knot is 
its tendency to work loose when not under load. This 
can be prevented by taping the end of the rope to the 
side of the loop. 

The bowline knot has many different uses. It is often 
used to attach a tag line to a load and then to an empty 
crane hook for a retur! 
be used as a slipknot by forming the « 
standing part of the rope. In this form, the knot can be 
used for binding up a load, such as a bundle of pipe 


ip to the ground. It can also 


> around the 


or lumber. 

Note that the bowline knot can be tied with the 
working end on either the inside or the outside of the 
loop, though the knot is stronger with the working end 
on the inside. A bowline knot is tied by applying the 
following procedure: 

1. Forma loop with the working part over the standing 
part. Allow for enough working part to form the size 
of the loop desired at the end of the rope. 


2. Thread the working end beneath and through the loop. 
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UJ 


Pass the working end under the standing part. 
4. Pass the working end over the standing part and back 
through the loop. 


LA 


Tighten by pulling the standing part and the work- 
ing end. 


poet 
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Figure 12-14. A bowline knot forms a fixed loop at the end 
of a rope and is one of the most useful knots. 


The bowline knot dates to at least the Age of Sail (the 16th- 


to-19th centuries). However, there is evidence that it was used 
on ancient Egyptian barges as early as 2500 BCE. 
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Llineman's Loops. А lineians loop is а convenient Oe ae [8] 
PP o DE] 


Lineman's Loops 


way lo add а fixed loop to the middle of à rope, that ts. 


when neither end of a торе is tree. See Figure 12-15. 
It is commonly used in climbing applications, where а 
carabiner can be attached to the loop. In this application, it 
is commonly called a buttertly loop or butterfly knot. For 
rigging, this knot can be handy as a hand-hold or tie-off 
point in the standing part of a rope tor binding or adjust 
ing a load. The efficiency of this Knot ts about 70%. It is 
à very secure knot that ean be released when not under 
load. The advantage to the lineman’s loop is that сап 
be loaded from the standing part, the working part, or the 
loop. and it will not capsize or collapse the loop. 

The simplest method of tving this knot is to start by 
winding the loops around a hand. It is possible to form 
this knot in other ways, but a hand helps to hold the loops 
in place until the koot can be tightened. А lineman's loop 


| Qoo» 


AROUND 
FINGERS 


із tied bv applving the following procedure: 
1. Hold one hand up. with the rope crossing the width 
of the palm. 


12 


. Grasp one end ot the rope and pass it behind the hand. 


Di 


. Loop around the finger tips and then back behind 
the hand. 

4. Bring the rope back down and across the width of 
the palm. 

5. Pull the fingertip loop down over the two sections 
of rope across the palm. 

6. Push the loop up behind the palm sections and slide 

the knot off the hand. 


7. Tighten the knot while maintaining the loop. 


Figure 12-15. A lineman’s loop is a convenient way to form 
a fixed loop at any point along a rope. 


Figure Eight Knots. The figure eight knot is commonly 
used as a stopper knot. See Figure 12-16. This knot is 
more reliable than an overhand knot but is still vulner- 
able to unintentionally releasing when under pressure. 
It is also known as a Flemish knot and has an efficiency 


One common method of tying a linemanss loop involves using one hand of about 80%. A figure eight knot is tied by applying the 
to keep the loops in place while forming the knot. following procedure: 


1. Form а loop with the working part over the stand- 
ing part. 
2. Pass the working part under the standing part. 


3. Bring the working end up and pass it down through 
the loop. 


4. Tighten by pulling on the working end. 
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Figure 12-16. A figure eight knot is an effective stopper knot. 


Figure Eight Loops. A figure eight loop, also known 
as a Flemish loop, is a strong knot used to form a loop at 
either the end or the middle of a rope. See Figure 12-17. 
It is very secure but tends to be difficult to untie after be- 
ing loaded. It is tied in exactly the same way as a figure 
eight knot, except the knot is tied with a bight instead of 
a working end. A figure eight loop on the bight is tied by 
applying the following procedure: 
1. Fold the rope and hold the two lengths together 
while tying. 
2. Form a loop with the working part (folded bight) 
over the standing part. 
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3. Pass the folded bight under the standing part. 


4. Bring the folded bight up and pass it down through 
the loop. 


5. Tighten by pulling on the loop. 


Figure Eight Loops 
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Figure 12-17. A figure eight loop is simply a figure eight 
knot tied with a bight. 


Common Rigging Bends 


Tying two ropes together can be accomplished by using a 
bend. A bend is typically used when a smaller rope is used 
to hoist or pull a larger rope. Electricians frequently use 
a similar technique by blowing a pulling string through a 
conduit and then gradually pulling in larger lines until the 
final pulling rope is in the conduit. While there are many 
different types of bends, the most practical ones for rigging 
purposes are the sheet bend and the double sheet bend. 
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Sheet Bends. A sheet bend is related to the bowline knot 
but is used as a bend. See Figure 12-18. The sheet bend is 
used for joining ropes of slightly different diameters. It is 
а very secure knot under load but has a tendency to easily 
work loose when not under load. Its efficiency is about 
55%. When tied correctly, both rope ends should lie on 
the same side of the knot. Otherwise, the resulting knot is 
an inferior variation that is not as secure. A sheet bend is 
tied by applying the following procedure: 
1. Fold the thicker rope into a flat bight. 
2. Pass the end of the thinner rope up through the 
bight’s loop. 
3. Pass the thinner rope around behind the thicker 
rope’s folded working end and standing part. 
4. Bring the thinner rope’s end up to the front and then 
pass it underneath itself. 
5. Tighten by pulling on the thinner rope. 


t 
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Figure 12-18. A sheet bend is an effective way to join two 
ropes temporarily. 


Double Sheet Bends. The double sheet bend is a simple 
variation on the sheet bend that includes an additional round 
turn as a final step. See Figure 12-19. This is necessary 
when the two ropes are synthetic or of significantly dif- 
ferent diameters, which increases the risk of spontaneous 
untying when under load. The additional turn helps lock 
the small diameter rope in place with pressure. A double 
sheet bend is tied by applying the following procedure: 
1. Fold the thicker rope into a flat bight. 
2. Pass the end of the thinner rope up through the 
bight's loop. 
3. Pass the thinner rope around the thicker rope's folded 
working end and standing part. 


4. Bring the thinner rope's end up to the front and then 
pass it underneath itself. 


5. Pass the thinner rope's end around the knot again 
below the first turn. 


6. Pass the thinner rope's end underneath itself again. 


7. Tighten by pulling on the thinner rope. 


Common Rigging Hitches 


Hitches rely on the pressure of ropes pressing together. 
The standing part of a rope is nipped (jammed) over a 
working part. The friction of the nip causes the working 
part to be bound as the standing part is pulled, which 
prevents the working part from slipping through. These 
hitches allow a rigger to form a tight bind that is easily 
released after a lift. Due to the reliance on friction, hitches 
should never be formed with slippery rope, including 
some synthetic ropes. 

The knot efficiencies of hitches can vary greatly, 
primarily because they are greatly affected by the size 
of the object being hitched. However, in most circum- 
stances, they are roughly comparable to the efficiencies 
of most knots, averaging about 60%. 


Half Hitches. A half hitch is the simplest knot of all. 
Indeed, it is also known as a simple hitch. By itself, a half 
hitch has very little holding power, but it forms the basis 
for many other knots and hitches. It is simply a loop of 
rope around an object. The standing part nips (presses) 
the working part against the object and holds via friction. 
See Figure 12-20. Multiple single hitches may be used 
to bundle lengths of tubing or lumber or to help stabilize 
a load as it is hoisted. Therefore, a half hitch relies on 
loading to maintain itself. If the standing part is unloaded, 
then the hitch loosens immediately. A half hitch on the 
bight is formed by applying the following procedure: 


1. With the palm facing up, grasp the rope. 

2. Twist the hand until the palm faces down, forming 
a loop in the rope. 

3. Slide the loop over the object. 

4. Tighten by pulling on the working end in the direc- 
tion opposite the standing part. 
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Figure 12-19. A double sheet bend is used to join two ropes 
that are synthetic or have significantly different diameters. 
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Figure 12-20. A half hitch is usually the basis for a more 
complex knot or hitch. 


Clove Hitches. A clove hitch is a combination of two 
half hitches in succession. See Figure 12-21. A clove 
hitch can be useful because it can be attached quickly 
and released rapidly. Tying a clove hitch is often part of 
arigger exam, but the hitch is not very secure and should 
not be used to hoist a load unless both ends of the rope 
are kept under tension. A clove hitch should also never 
be used when tension may be applied perpendicular to 
a load. The tendency for the hitch to roll out if tension 
is released or if the load rotates can create an extremely 
dangerous situation. 
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Figure 12-21. A clove hitch is a combination of two half hitches in succession. 


Clove hitches can be formed either by threading 
the end or on the bight if the loops can be slipped 
over one end of an object. Therefore, there are two 
different ways to tie a clove hitch. A clove hitch by 
threading the end is formed by applying the follow- 
ing procedure: 

1. Wrap the working end around the object. 


2. Cross the standing part and wrap the working end 
around the object a second time. 
3. Bring the working end up and then tuck it under the 
second turn. 
4. Tighten by pulling on the working end. 
A clove hitch on the bight is formed by applying the 
following procedure: 
1. Form two loops of rope and hold them together in 
one hand. 
2. Without turning the loops, move the front loop 
behind the back loop. 


3. Slide the loops over the object. 


Ix 


. Tighten by pulling on the working end. 


Rolling Hitches. A rolling hitch is closely related to 
a clove hitch. However, a rolling hitch includes an ad- 
ditional turn and also supports loading from the side, 
almost parallel to the hitched object, as long as tension 
is applied to the standing part in the opposite direction 
of the working end. See Figure 12-22. When used in 
conjunction with one or two single hitches, the rolling 
hitch provides a means of hoisting a single piece of pipe 
or lumber vertically. The primary advantage of this hitch 
is that when the rope is slipped off of the object, all of 
the hitches fall out and the rope is ready to tie to another 
load. Like the clove hitch, the rolling hitch should not 
be used when tension will be applied perpendicular to 
the load, since it also has a tendency to roll out. 

If tied and used correctly, a rolling hitch is a very secure 
knot. A rolling hitch by threading the end is formed by 
applying the following procedure: 

1. Wrap the working end around the object twice. 

2. Bring the end up and around the object again, this 
time crossing the other loops. 

3. Bring the end up and then tuck under the last turn. 

4. Tighten by pulling on the working end. 
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Figure 12-22. A rolling hitch is a clove hitch with an extra wrap. 


A rolling hitch on the bight is formed by applying the 3. Bring the end up and over the Jast loop and then tuck 
following procedure: under the first loop. 
1. Form three loops of rope and hold them together in 4. Tighten by pulling on the working end. 
one hand. 


2. Without turning the loops, move the front loop be- 
hind the back loop. 


. Slide the loops over the object. 


> > 


. Tighten by pulling on the working end. 


Spar Hitches. A spar hitch is also closely related to the 
clove hitch. See Figure 12-23. The advantage of the spar 
hitch is that it is far less likely to roll out under tension that 
is either perpendicular or parallel to the load. However, 
unlike the clove and rolling hitches, when a spar hitch 15 
slid off an object, it leaves a loose knot in the rope that 
must be untied. A spar hitch is formed by applying the 
following procedure: 
1. Wrap the working end around the object. 


2. Bring the end up and around the object again. this time A spar hitch. finshed with a couple of half hitches, can be used to lift light, 


crossing the first loop. vertical loads, such as a short pipe. 


166 RIGGING, HOISTING, and SIGNALING PRACTICES 


Qs AROUND 
OBJECT 


^ cross AND 
Өс» AROUND 


Figure 12-23. A spar hitch is a more secure version of a 
clove hitch. 


Round Turns. A round turn is simply two loops of rope 
around an object. See Figure 12-24. It is easy to form 
under load. The friction of the loops of rope around the 
object provides some holding power. It is not enough to 
secure the load, but it helps prevent the rope from slipping. 


Additional knots, typically two half hitches, can then be 
tied to secure the round turn. A round turn is formed by 
applying the following procedure: 

1. Wrap the working end around the object. 

2. Bring the end up and around the object again. 


3. Tighten by pulling on the working end. 
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Figure 12-24. A round turn is simply two complete turns 
around an object. 


Round Turn and Two Half Hitches. A round turn is 
typically finished with two half hitches, which form a clove 
hitch. See Figure 12-25. The half hitches are fastened to 
the standing part, not the object being hitched. The two 
basic components of this knot, the round turn and the half 
hitches, can be applied multiple times. For example, a 
double round turn with three half hitches is not uncommon. 
Additional round turns take up excess rope and provide 
extra friction. Additional half hitches help secure the knot 
further. A round turn and two half hitches are formed by 
applying the following procedure: 


1. Wrap the working end around the object twice 
forming a round turn. 

2. Wrap the working end around the standing part to 
form a half hitch. 

3. Wrap the working end around the standing part again 
to form another half hitch (which also complete: a 
clove hitch). 

4. Tighten by pulling on the working end. 
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Figure 12-25. A round turn and two half hitches combine the 
strain relief of a round turn with the security of two half hitches 
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Cow Hitches. The cow hitch is closely related to the clove 
hitch. Both are composed of a pair of half hitches, though 
the half hitches face the same direction in a clove hitch and 
face opposite directions in a cow hitch. See Figure 12-26. А 
cow hitch is often used to quickly attach a tag line to a load. 
It is made and released easily but is firm enough to steady 
loads as long as tension is applied equally to both ends. If 
loaded unequally, the rope can run through the hitch fairly 
easily. Therefore, this hitch is typically not recommended 
for critical applications. A cow hitch is formed by applying 
the following procedure: 
1. Fold the rope and hold the bight. 
2. Open the bight at the fold and turn it over onto 
the ropes. 
3. Grasp the ropes through the loop and pull the loop 
over them. 
4. Hold the two resulting loops open and slide them 
over the object. 


ол 


Tighten by pulling on both rope ends. 


” OF 2 
di gr.njatcdb.org 
Item 81301 


кА 


-Өтс-теһ 


Figure 12-26. A cow hitch is a combination of two half 
hitches facing opposite directions. 


168 RIGGING, HOISTING, and SIGNALING PRACTICES 


Cat's Paw Hitches. A cat's paw hitch is used as a 
quickly formed, light-duty eye that can be hung опа 
hook. See Figure 12-27. This hitch is similar to а cow 
hitch. but the additional twists on each side add stabil- 
ity and prevent the rope from sliding through the hook 
due to unequal tension from an asymmetrical load. The 
number of twists can vary, but typically three or four 
is sufficient. A cat’s paw hitch is formed by applying 
the following procedure: 

1. Grasp the rope with both hands. Leave plenty of bight. 

2. Rotate hands in opposite directions to form two loops. 

3. Continue to rotate the two loops for two or more 

complete turns. 


4. Place the loops together over the end of a hook. 


5. Tighten by pulling on both rope ends. 


Trucker’s Hitches. A trucker’s hitch is a compound 
knot that has the distinct feature of providing me- 
chanical advantage when tightening. There are many 
variations, though the hitch basically consists of a 
loop knot that is formed at one end or on the bight, 
the rope running down through a tie-down point and 
back up through the loop, and the rope then being 
pulled tight and secured with another knot. See Fig- 
ure 12-28. This arrangement provides a mechanical 
advantage, meaning that the force used to tighten 
the knot is multiplied into a greater force that binds 
the load. 

The individual knots used to form the loop and 
secure the working end may vary. A common combi- 
nation is a lineman’s loop with a pair of half hitches. 
This trucker’s hitch is formed by applying the fol- 
lowing procedure: 

1. Tie a lineman’s loop near the working end of the rope. 
2. Pass the working end down through a tie-down point 
and back up toward the loop. 


3. Pass the working end through the loop. 

4. Tighten by pulling down on the working end. 

5. Secure the working end to the standing end below 
the loop with two half hitches. 


Fiber Rope Splicing 


A splice is the unlaying and then reweaving together 
of two portions of rope in order to form a permanent 
connection. Unlaying is the untwisting of a rope's 
strands. Splices are commonly used to join two ends 
of rope. If the ends are from separate ropes, the ropes 
must be of similar strength and thickness. 
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Figure 12-27. А cat's paw hitch is a cow hitch with extra twists. 
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Figure 12-28. A trucker's hitch provides a simple way to 
pull a rope very tight and then secure it. 
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Splices retain far more of a rope's original strength than 
knots do. Theoretically, a perfect splice has an efficiency 
nearing 100%. In actual practice, most splices are not 
perfect but still achieve efficiencies in the range of 85% to 
95%. Therefore, if a semipermanent splice is an option for 
а certain application, it is preferable to a knot. 

Ropes are spliced by unlaying a portion of both rope 
ends and then tucking the loose strands of each end into 
the twisted strands of the other. See Figure 12-29. The 
minimum number of tucks may vary depending on the 
rope and splice type, but the minimum is typically four 
for natural fiber ropes or five for synthetic fiber ropes. 
(Synthetic ropes have a higher minimum because they 
tend to be more slippery.) 


Splice Tucks 


Figure 12-29. Ropes are spliced by tucking the loose strands 
of one rope (or portion of rope) into the twisted strands of 
another rope (or portion of rope). 


There are different methods for determining the length 
of rope that should be unlaid. One rule of thumb is three 
times the rope diameter for each tuck. For example, a 1/2” 
rope requiring five tucks should be unlaid about 71/2”. Al- 
ternatively, another rule of thumb is one lay per tuck, plus 
a little extra. For example, for five tucks, the end is unlaid 
for a length equal to about six lays. However, it is better 
to have too much rope than not enough. If the unlay is too 
short for the required number of tucks, the splice must be 
completely rewoven. If it is too long, however, the extra 
length can either be cut off after the necessary tucks are 
completed or woven as extra tucks. 


It is possible to splice twisted ropes with more than three 


strands and even braided ropes. However, these splices are 
far more complicated and are typically done only by experts. 
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Only three-stranded twisted rope can be practically 
spliced by most field personnel. The most common types 
of splices are short splices, eye splices, and back splices. 
The result of splicing is a thickened portion of rope 
where six strands are woven together. After a minimum 
number of tucks. all three strands are cut (as needed), 
fused with heat, and tucked into the standing part. This 
abruptly terminates the thick weave. See Figure 12-30. 
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Figure 12-30. A thick section of spliced rope can be termi- 
nated abruptly or tapered down to the original rope thickness. 


Alternatively, all three splice types allow the option of 
tapering the splice. To follow this procedure, the strands 
are successively trimmed as they are woven back into the 
rope. After the minimum number of tucks, the first strand 
is cut off, fused, and tucked. The remaining strands are 
tucked one more time and then another strand is cut, fused. 
and tucked. Finally, the last strand is tucked one more time 
and then cut, fused, and tucked. The result is a splice that 
gradually changes from a thick, six-strand weave down 
to the original, thinner, three-strand lay. 


Short Splices. A short splice is used to join two ends 
of rope. See Figure 12-31. A short splice is often used 
to permanently join two ends of a single piece of rope 
together, forming a roundsling. One application of this is 


rigging a gin wheel, which is a simple pulley for manually 
lifting small loads. Since the rope is a continuous loop, it 
is easy to either hoist or lower a load by pulling on one 
side or the other. 

When completed, a short splice is about twice as 
thick as the rest of the rope. A disadvantage is that this 
thickness makes it vulnerable to riding out of a sheave 
groove or binding up within a block. A short splice is 
formed using the following procedure: 

1. Place temporary whipping (usually tape) on each rope 
at a distance from the end equal to the unlaying length. 


2. Unlay rope on each end. 
3. Place temporary whipping on the strand ends. 


4. Push the two rope ends into each other, alternating 
the strands of one end with the strands of the other. 


5. Remove the temporary whipping from one rope. 


6. Tuck each strand from the whipped rope into the 
V rope. Each strand from the whipped rope should 
Cross over one strand and then tuck under the next 
in the unwhipped rope. Complete one tuck for each 
strand of that rope. 


7. Ensure all tucks are snug and placed correctly. 
Each whipped rope strand should alternate with 
unwhipped rope strands. 


8. Complete another set of tucks for each strand. Check 
and snug the splice. 


9. Repeat for the required number of tucks. 
10. Remove the temporary whipping from the other rope. 


11. Complete the required number of tucks on the 
other side of the splice, checking and snugging 
after each set. 


12. Roll the splice under pressure to ensure that each 
strand settles into position. 


13. Cut all the strands to the same length, or taper by 
alternating cutting one strand and tucking the remain- 
ing strands. Fuse each cut with heat or some other 
permanent means and complete the final tuck. 


Back Splices. A back splice finishes a rope end by braiding 
its loose strands back on itself. See Figure 12-32. This is 
an alternative to whipping when an enlarged rope end is 
desired or, at least, not objectionable. This is commonly 
done to tag lines on a working end in order to mark the end 
of the rope. If the rope is running through the hands of a 
tag line holder, that person will feel the end approaching 
without having to look down. The back splice, also known 
as a crown, becomes tighter with time and use. A back 
splice is formed using the following procedure: 
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Figure 12-31. A short splice is a method for joining two rope ends. 
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Figure 12-32. A back splice is a way to neatly dress the end of a rope. 
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. Place temporary whipping (usually tape) on the rope 
ata distance from the end equal to the unlaying length. 

2. Unlay rope on the end. 

3. Place temporary whipping on the strand ends. 

4. Loop strand 1 and hold its end to maintain the loop. 

3 


. Pass strand 2 through the loop of strand 1 and behind 
strand 3. 


6. Lay strand 3 over strand | and through the loop 
formed by strand 2. 


7. Tighten the knot by snugging all three strands. This 
forms a crown knot. 


8. Tuck each strand into the rope. Each strand should 
cross over one strand and then tuck under the next. 
Complete one tuck for each strand of the rope. 


9. Ensure all tucks are placed correctly. Each working 
part strand should alternate with standing part strands. 


10. Complete the required number of tucks for each 
strand, checking and snugging after each set. 

11. Roll the splice under pressure to ensure that each 
strand settles into position. 


12. Cut all the strands to the same length, or taper by 
alternating cutting one strand and tucking the remain- 
ing strands. Fuse each cut with heat or some other 
permanent means and complete the final tuck. 


Eye Splices. Splices are also used to join portions of the 
same rope. An eye splice forms a loop at the end of a rope 
by splicing the rope end into the rope body. Eye splices 
typically contain a thimble for protecting the rope. See 
Figure 12-33. The thimble is inserted after the splice is 
completed and may be held in place by whipping at the 
base of the eye. An eye splice is formed using the follow- 
ing procedure: 
1. Place temporary whipping (usually tape) on the rope 
at a distance from the end equal to the unlaying length. 


2. Unlay rope on the end. 


. Place temporary whipping on the strand ends. 


4. Form an eye of the desired size by pushing the 


end into the side of the rope with two strands 
(numbers 1 and 2) on top and one strand (number 
3) underneath. 


. Tuck strand 1 (one of the top strands) under one of 


the strands in the standing part, perpendicular to the 
lay of the rope. 


. Strand 2 (the other top strand) is tucked under a stand- 


ing part strand, also in a perpendicular direction. It 
passes over the standing part strand that strand ] was 
tucked under and is tucked under the next strand. 


7. Turn the assembly over. 


8. Strand 3 is tucked under a standing part strand. It en- 


ters where strand 2 exits the standing part and tucks 
under the adjacent strand in the opposite direction. 


. Ensure all tucks are snug and placed correctly. Each 


working part strand should alternate with a standing 
part strand. 


. Complete a second tuck for each strand into the 


standing part. Each strand crosses over one strand 
and then tucks under the next. 


. Ensure all tucks are snug and placed correctly. 


. Complete the required number of tucks for each 


strand, checking and snugging after each set. 


. Remove all temporary whipping. 
. Optional: Insert thimble and add whipping. 


. Roll the splice under pressure to ensure that each 


strand settles into position. 


. Cut all the strands to the same length, or taper by 


alternating cutting one strand and tucking the remain- 
ing strands. Fuse each cut with heat or some other 
permanent means and complete the final tuck. 
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INTRODUCTION 


Block and tackle is an old technology that is still useful for most rigging and 
hoisting tasks today. The materials тау be different, but the basic concepts of 
mechanical advantage are still used to increase the rated capacities of hoisting 
equipment. Permanent block-and-tackle assemblies are used in some cranes 
as part of the system that controls boom movements. Temporary assemblies 
can also be used by riggers for hand-powered lifting or with winches. Block- 
and-tackle assemblies, however, affect hoisting speed and the forces expe- 
rienced by some rigging components. Riggers must consider several factors 
when selecting and using this equipment. 


OBJECTIVES 


* List and describe the features of different types of blocks. 
* Identify the parts of a block and of a block-and-tackle assembly. 
‚ Determine the mechanical advantage of a block-and-tackle assembly. 
* Calculate the lead-line force to hold and lift a load. f 
. Apply the principle of mechanical advantage to load travel distance 
and speed. 

* Estimate the total block loading force on a standing block. 

: . Describe the types of damage commonly found during block inspections. 
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BLOCK AND TACKLE 


Block and tackle is a combination of sheaves and 
ropes used to improve lifting efficiency. The technol- 
ogy was developed centuries ago to move sails, spars, 
and other components on sailing ships. However, this 
technology is still useful for hoisting, securing, and 
moving loads. In fact, much of the hoisting and knot 
terminology used today is based on a long history of 
nautical applications. 


Blocks 


A block is an assembly of one or more sheaves in a 
frame. See Figure 13-1. A sheave is a wheel with a 
concave edge for supporting a moving rope that is 
changing direction. Sheaves are also commonly called 
pulleys. The rest of the frame provides attachment points 
for either securing the block to a stationary structure 
or attaching the dead end of a rope. The most common 
types of blocks used in industrial hoisting applications 
are crane blocks, wire rope blocks, snatch blocks, tackle 
blocks, and gin blocks. See Figure 13-2. 


SHEAVE ^ 


Figure 13-1. Blocks are frames containing one or more 
sheaves. 


A crane block, also known as a hook block, is a 
block used in the hook assembly of a crane. These are 
heavy-duty blocks that can tolerate rough handling and 
heavy service. A crane block is usually equipped with 
weights, known as cheek weights or overhaul weights, 
that allow it to descend smoothly via gravity when no 
load is applied to the block. The amount of weight 
needed varies according to the size of the wire rope, 
the number of parts of rope, the type of bearings used 
in the block, the length of the boom, and the amount 
of drum friction. Crane blocks are often equipped 
with lubrication fittings so the sheave bearings can be 
greased while in service. 

A wire rope blockis a block used with powered hoists 
where severe conditions of service are not expected. Two 
common applications of wire rope blocks are horizontal 
rigging and crane boom control. Wire rope blocks are 
relatively light and typically do not require weights to 
descend via gravity when being lowered. 

A snatch block, also known as a gate block, is a block 
with side plates that can be opened, allowing it to be 
added to a hoisting line without access to the end of the 
line. Otherwise, the end of the line would have to be 
threaded through the block. Snatch blocks are available 
for wire rope, manila rope, and synthetic rope, and can 
be outfitted with various combinations of hooks, eyes, 
shackles, or other end fittings. 

A tackle block is a block used with natural or syn- 
thetic fiber ropes, primarily for manual hoisting opera- 
tions. They are designed for slower speed operation and 
generally have plain bore or bronze bushing sheaves that 
must be disassembled for inspection and relubrication. 

A gin block, also known as a well wheel, is a very 
simple block that is not much more than a large sheave in a 
lightweight frame. These blocks are used in hand-powered 
hoisting operations involving relatively light loads. 

Common block-and-tackle configurations include 
two blocks, one at the top and one at the bottom. See 
Figure 13-3. A standing block is the upper block in a 
block-and-tackle configuration and is usually attached 
to a fixed object or structure. A traveling block, also 
known as a fall block, is the lower moveable block in 
a block-and-tackle configuration and is attached to the 
load, usually via a hook. 

Like all other rigging hardware, blocks must include 
identification labels that provide the specifications nec- 
essary for choosing the appropriate type and model for a 
task. Required information includes the manufacturer's 
name as well as the rated load and rope size(s) intended 
for use with the block. 
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Block Types | 


WIRE ROPE 


SNATCH 


The Crosby Group, Inc. 


Figure 13-2. There are several types of blocks used in rigging applications. Variations of most types also include the number 


of sheaves and attached hardware, such as hooks. 


_7 ATTACHMENT TO 
FIXED OBJECT OR STRUCTURE 


^— STANDING BLOCK 
(DOES NOT MOVE) 


i f PARTS 
BECKET ^ p 


r- TRAVELING BLOCK 
(MOVES WITH LOAD) 


Figure 13-3. Block and tackle is the combination of blocks 
and rope to create mechanical advantage. 


Block type names may vary between manufacturers. Blocks 


should always be selected by their specifications and recom- 
mended applications rather than their names. 


Tackle 


Tackle is the combination of ropes and accessories used 
with blocks to gain mechanical advantage for lifting. 
However, the term "tackle" is rarely used on its own. 
When it is, it usually refers to fiber rope in nautical ap- 
plications. In rigging applications, the rope is known 
simply as “торе” or “line.” 

Rope is reeved between blocks over one or more 
sheaves in succession. Reeving is the threading of a 
rope through an opening or around a sheave. The rope 
sections between blocks are known as parts. A part is a 
rope length between a dead end and block or between 
two blocks. One end of the rope is attached to a becket. 
А becket is an attachment point, usually on a block, for 
the dead end of a hoisting rope. 

Тһе remainder of the live end forms the lead line. А 
lead line is the part of a rope to which force is applied to 
hold or move a load. A lead line is not counted as a part. 
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MECHANICAL ADVANTAGE 


The number of parts in a block-and-tackle configura- 
tion determines the mechanical advantage. Mechani- 
cal advantage is the ratio of the output force from a 
machine to the input force applied to the machine. In 
block-and-tackle applications, a mechanical advantage 
means that a load can be lifted by applying a force less 
than the load weight. The tradeoff is that the lifting 1s 
slower and requires a longer rope. 

The mechanical advantage of block and tackle is 
determined by its number of parts. See Figure 13-4. 
One-part reeving has one length of rope between the 
load and a single, upper block. There is no mechanical 
advantage to one-part reeving. The force required to 
lift the load is equal to the weight of the load. 


Block and tackle can be reeved to either advantage or dis- 


advantage. The terminology refers only to a difference in 
the direction of pull in relation to the direction of the load. 


Mechanical Advantage 


ONE-PART 
REEVING (1:1) 


TWO-PART 
REEVING (2:1) 


Two-part reeving has two lengths of rope between 
the lower and upper blocks. The dead end of the rope is 
attached to the upper block, and the live end is reeved 
through the lower block, reeved through the upper 
block, and then becomes the lead line. Two-part reev- 
ing has a mechanical advantage of 2:1, reducing the 
lead-line force to only 50%. Note that the weight of the 
lower block must also be considered as part of the load 
weight, though this is usually an insignificant amount. 

Three-part reeving involves two sheaves in an upper 
block and one in a lower block. This arrangement has 
three parts between the load and upper block, providing 
a mechanical advantage of 3:1. Each part supports one- 
third of the load, so the force on the lead line is 33% of 
the load weight. 

The principle of mechanical advantage using block 
and tackle can be extended to four or more parts in 
order to further improve lifting efficiency. Configu- 
rations of 10 or more parts are not uncommon, par- 
ticularly in some crane types. Limitations may arise 
for higher-order configurations, however, due to rope 
length, sheave friction, and practical limitations in 
block design. 


THREE-PART 
REEVING (3:1) 


Figure 13-4. Reeving rope through multiple sheaves provides mechanical advantage, meaning less force is required to 


lift a load. 


Forces 


A study of the mechanical advantage of block and tackle 
requires some knowledge and analysis of the forces 
involved. This allows a rigger or crane operator to cal- 
culate the rated capacity necessary to lift significantly 
heavier loads safely and reliably. 


Static Forces. A force applied to a lead line is useful 
only when it is equal to or greater than the static force. 
A static force is a constant force applied to an object 
that is only sufficient to keep the object in place. A 
static force is great enough to hold a load in place but 
not lift the load. The amount of static force required 
to hold a load in place is calculated with the follow- 
ing formula: 


Ғ a a 
к= 
n 
where 
Е; = static lead-line force (in Ib) 
И, = total load weight, including rigging 


equipment (in Ib) 
n = number of parts 


For example, what is the force required to hold a 
500 Ib load using a four-part reeving system? Note: The 
rope, block, and hook components weigh a total of 30 Ib. 


Wai 
Es total 
Hn 
3 
TREES 
inc: 
F = 133 Ib 


Lifting Forces. As a lead-line force exceeds a minimum 
static force, it overcomes friction in the sheaves, and 
the load begins to rise. The amount of additional force 
needed to begin lifting a load depends on the number 
of sheaves, their bend ratio, and their bearing type. 

In a block-and-tackle assembly, each sheave adds 
friction to the system that must be overcome in order to 
lift a load. The number of sheaves is assumed to equal 
the number of parts. Bend ratio is a factor because a 
rope moves more easily over a larger sheave than a 
smaller one. The type of sheave bearing also matters 
because each type has different friction characteristics. 
See Figure 13-5. The axles of plain-bearing sheaves are 
just pins held in the frame of the block. Alternatively, 
ball- or roller-bearing blocks hold sheave axles with 
reduced-friction bearings. That is, less additional force 
is required to overcome the friction of roller-bearing 
sheaves than plain-bearing sheaves. 
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Sheave Bearings 1 


PLAIN 
А BEARING 


— SHEAVE 


BALL 
Га BEARING 


BALL OR ROLLER BEARINGS 


Figure 13-5. The type of bearing holding the sheave axle af- 
fects the amount of friction caused by rotation of the sheave. 


Friction in each sheave adds a certain percentage of 
the load's weight as resistance. See Figure 13-6. Plain 
bearing sheaves typically add 6% to 8%. Ball- or roller- 
bearing sheaves typically add 3% to 5%. For example, а 
single sheave adding 6% in friction requires a 106 Ib force 
to move a 100 Ib load using one-part reeving. 


Sheave Friction 


i Plain-Bearing Ball- or Roller- 
Bend Ratio ‘Sheaves Bearing Sheaves 


Figure 13-6. The amount of friction resistance produced 
by a sheave depends on the bend ratio and type of sheave 
bearing. 
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For multiple-part reeving, the load is shared by each 
part, but the effect of friction compounds with each 
sheave. In order to simplify these calculations, an appro- 
priate friction factor is determined from a table of friction 
percentages and numbers of parts. See Figure 13-7. Then 
the minimum lead-line lifting force is calculated with the 
following formula: 

о a 

where 

F, = lead-line lifting force (in lb) 
W „a = total load weight (in Ib) 
f, = friction factor 

For example, what is the minimum force required to 
lift a 6000 Ib load using an eight-part reeving system 
equipped with plain bearing sheaves? Note: The bend 
ratio is 17. Therefore. the friction of each sheave adds 
an additional 7% of the load weight to the total, and the 
associated friction factor is 0.21. 


n x И x fi, 
F, = 6000 x 0.21 
F, = 1260 Ib 


Due to the addition of friction factors. the true me- 
chanical advantage of a block-and-tackle arrangement 
when lifting is less than the same arrangement when 
static. For example, to hold a 6000 Ib load steady with 
an eight-part reeving system, the mechanical advantage 
is 8:1. The static lead-line force is only 750 Ib. However, 
to lift the load, a minimum force of 1260 Ib is required to 
overcome friction. The true mechanical advantage in this 
case is approximately 4.8:1 (6000 Ib + 1260 Ib = 4.8). 


Sheave Friction Factors 


Number 
of Parts 


Travel Distance 


A block-and-tackle assembly amplifies force at the cost of 
distance. As more sheaves reduce the force required to lift 
a load, the distance the lead line must be pulled increases. 
The proportions are equal to the mechanical advantage. See 
Figure 13-8. For example, if a two-part reeve is used to 
lift a load by 12”, the lead line must be pulled 24”, which 
is a 2:1 ratio. If the assembly is a three-part reeve, then the 
lead line must be pulled 36", which 15 a 3:1 ratio. 

In other words, if a load must travel a certain vertical 
distance, then each of the rope parts above it must shorten 
or lengthen by the same distance. If the travel distance is 
12" and there are three parts, then each part must change in 
length by 12" fora total of 36" of rope length. Therefore, the 
lead line must be pulled 36" in order to hoist the load 12”. 


Single sheave blocks are also used to change the direction of 
pull on a line. 


m Хақ Sheave friction factors are used to calculate the lead-line lifting force required to overcome sheave friction 
and lift a load. 
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Travel Distance | E 
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REEVING 


TWO-PART 
REEVING 


THREE-PART 
REEVING 


Figure 13-8. The mechanical advantage that reduces lead-line force also increases lead-line travel. For a certain load travel 


distance, the lead-line travel distance must be longer. 


Travel Speed 


Travel speed is affected in the same manner as travel 
distance. If the lead line and the load are traveling dif- 
ferent distances in the same amount of time, then the 
speeds must also be different. See Figure 13-9. If the 
lead line travels 24" in the same amount of time that 
the load travels 12”, then the load’s speed is one-half 
the lead line's speed. Similarly, a three-part reeved load 
moves at one-third the speed of the lead line. 

Between the load and the lead line, each part, and 
therefore each sheave, is traveling at different inter- 
mediate speeds. See Figure 13-10. For example, in a 
three-part reeving, the middle sheave travels at a speed 
between the load and the lead line speeds. Similarly, for 
configurations of four parts or more, the speed of each 
sheave is different and gradually increases from slowest 
(the one nearest the dead end) to fastest (the one at the 
lead line). These differences may be a consideration 
when reeving between blocks. 


REEVING 


There are a number of ways to thread a rope through 
a set of blocks. When block-and-tackle configurations 
use just a few parts, the reeving method is typically 


not critical. However, for configurations with many 
parts, the differences in forces and sheave speeds make 
reeving an important consideration. Without distribut- 
ing the load evenly, the equipment can be damaged 
from premature wear and slip out of place, creating a 
hazardous condition. 

The simplest reeving method is lacing. Lacing is a 
type of reeving in which a rope starts on one side of the 
blocks and passes to the other side one sheave at a time. 
See Figure 13-11. The rope runs between the blocks 
until all of the sheaves are used. and then the dead end 
is attached to a becket. The rope parts on each side of 
the blocks are roughly parallel with each other. This 
method allows the blocks to be pulled close together, 
but the uneven force tilts the blocks to one side. which 
causes greater wear on the sheaves on the lead-line side. 


There are many different ways їо reeve blocks. Each method 
has certain advantages and disadvantages in the ways it 
balances forces, sheave speeds, and block orientation, mak- 


ing each method appropriate for certain situations. Most 
methods are quite complicated, especially for higher-order 
arrangements. Reference diagrams are usually consulted to 
ensure proper reeving. 
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Travel Speeds 
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Figure 13-9. The mechanical advantage that reduces lead-line force also increases lead-line speed. For a certain load 
travel speed, the lead-line travel speed must be faster. 
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Figure 13-10. For multiple-part reeving. each sheave travels at a different speed. The sheave at the lead iine is always the 
fastest. and the sheave nearest the load is always the slowest. 
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Figure 13-11. In lacing, the rope is reeved from one end 
of a block pair to the other. This is simple reeving, but the 
resulting uneven force tends to tilt the blocks. 


Skip reeving is a method of reeving in which the rope 
starts at a center sheave and passes from one side of the 
blocks to the other before being attached to a becket. See 
Figure 13-12. If fewer parts are needed than sheaves 
available, then some sheaves can be left unreeved. Skip 
reeving results in more even sheave speeds across the 
blocks, which helps keep the blocks level with each 
other. However, the changes in direction at the end 
sheaves cause additional wear on the rope. 

Note that a block load rating is based upon all of the 
sheaves being used. If only some of the sheaves are used, 
the rated load of the block is reduced proportionately. 
Also. the blocks with unused sheaves should be reeved 
symmetrically so that they do not tilt under load. 

Blocks can also be reeved when at right angles to each 
other. Square reeving is a method of reeving in which 
a rope passes between sheaves at right angles to each 
other, which makes the rope change direction at each 
sheave. Usually, the lead line starts at one of the center 
sheaves, which helps to keep the blocks level, and then 
passes from one side to the other. See Figure 13-13. 
However, since the lines cross and change direction 


Chapter 13— Block and Tackle 183 


as they are reeved, the blocks cannot be pulled close 
together when in use and some long-term fatigue to the 
rope will occur due to the changes in direction. 

Other reeving methods have been developed for cer- 
tain types of blocks or desirable lifting characteristics. 
Some can be quite complex, and the block or crane 
manufacturer should be consulted for correct sequences. 
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Figure 13-12. Skip reeving is more complex than lacing, 
but more evenly distributes forces and sheave speeds 
across the blocks. 


BLOCK LOADING 


In addition to determining lifting and pulling forces, 
the rated load of a block must also be considered. A 
traveling block experiences a force equal to the weight 
of the load. However, due to the arrangement of forces 
in block-and-tackle assemblies, the forces on standing 
blocks can exceed the load weight significantly. Block 
loading is the total amount of static force experienced by 
a block while in a certain arrangement. All blocks must 
be rated to withstand the total force they may experience. 
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Square Reeving 
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Figure 13-13. Square reeving is a method of reeving blocks 
whose axes are at right angles to each other. 


Block Loading Estimation 


If the lead line is held vertically, the standing block 
experiences two parallel forces, the load weight and 
the lead-line static force. In a single-part reeving as- 
sembly, the lead-line force is equal to the load weight. 
See Figure 13-14. For example, if the load is 100 Ib, 
then the block experiences 200 Ib of downward force. 
For multipart reeving, the lead-line force is less than 
the load weight, but the forces are added in the same 
way. For example, if the load is 100 Ib and there are two 
parts, meaning that the lead-line force is 50 Ib, then the 
block loading is 150 Ib. 

If the lead line is at an angle to the block-and-tackle 
assembly, the loading on the standing block is reduced 
somewhat and is also at an angle. This total, angular 
force can be calculated precisely but involves complex 
formulas. If the lead-line angle is small, the difference 


is not significant, so the block loading is often deter- 
mined as if the lead line were vertical. Otherwise. the 
block loading can be closely estimated with a relatively 
simple formula that uses a block loading angle factor. 
See Figure 13-15. The total block loading is then 
calculated with the following formula: 

ae а и Е) 

where 

Е,, = block loading (in Ib) 

F, = lead-line force (in Ib) 

М, = block loading angle factor 

W a = total load weight (in lb) 

This formula applies a multiplier to the lead-line 
force to account for its angle, and then adds the force 
due to the load weight (except for one of the parts, 
which is already accounted for in the block loading 
angle factor). For example, consider a block-and-tackle 
assembly holding a 1000 Ib load. The assembly has four 
parts, so the lead-line force is 250 Ib (one-quarter of 
the load). The lead line is pulled at a 40° angle from 
vertical. What is the total block loading estimate? 

Fa, z Fr, X for + (и ral F) 
F = 250 x 1:87 + (1000 250) 


1 


BL 
Е, = 468 + 750 
Е, = 118b 


The actual calculated block loading. using a more 
complex formula, is 1202 Ib. Therefore. the simplified 
formula generates а good estimate. 


Block Loading Considerations 


There are a number of considerations that arise from 
block loading calculation. First. the number of parts 
in a block-and-tackle assembly significantly affects 
the total block loading. If the assembly had only two 
parts, the block loading estimate would be 1435 Ib 
(1419 Ib actual). Therefore, the choice of block-and- 
tackle configuration, and not just the total load weight, 
affects the chance of the block loading exceeding the 
block's rated load. 

Second, these block loading forces are static forces, 
which do not take into account lifting friction or dy- 
namic (motion) forces. Increased lead-line force to 
overcome friction is relatively minor. However, dy- 
namic forces due to sudden movements can be signiti- 
cant and can easily exceed the rated load of any of the 
rigging or hoisting components. This is another reason 
why all load movements should be made slowly and 
changes in direction be made gradually. If these rules 
are followed, dynamic forces should be negligible. 
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Finally, block loading should be considered when 
determining the attachment point of the standing block. 
The attachment must be rated for greater than the total 
block loading. Also, attachments are designed primar- 
ily for vertical loads, but side loading from a lead line 
adds a horizontal component. The attachment method 
must be able to withstand both of these forces. 


Block Loading Angle Factors 


Angle* 


BLOCK INSPECTION 


Blocks are manufactured for a specific size of горе, 
as the sheave grooves have a contour that matches the 
rope size. When properly matched, the sheave provides 
support for a rope over about a 120°-to-150° arc. If 
the groove is too narrow, it pinches and frays the rope. 
This also causes wear, known as corrugation, to the 
sides of the groove. If the groove is too wide, the rope 
flattens under load and wears the base of the groove. 


In some contexts, there may be slight differences in the defi- * in 
nitions of “sheave” and “pulley.” However, in the rigging and 


— | Ms => Figure 13-15. The block loading angle factor is used to 
lifting industry, these terms are often used interchangeably. 


estimate the loading force on a standing block. 
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Figure 13-14. Тһе standing block is under a greater force than just the load weight The nurnitber of parte and the angle of 
lead-line affect the total block loading. 
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The same blocks and rope are often used together, 
and over time, they wear together. When rope must be 
replaced, often the blocks must be replaced as well 
because the sheave grooves are no longer their original 
size. Over time, both the rope and the sheave groove 
change shape slightly. Sheave gauges сап be used to 
inspect the groove ofa sheave. When а gauge is inserted 
into a sheave, the gauge should bottom out with no gap 
visible at the bottom of the groove. See Figure 13-16. 


There should also be no excessive gaps at the sides of 


the sheave. Either condition indicates that the sheave 
groove is worn and must be re-machined or replaced. 
Sheaves that are excessively worn, cracked. warped, or 
broken should be immediately replaced. 


Sheave Gauges 


SHEAVE 
GAUGES 


SHESWES `. 


üt a N 
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Block sheaves should also be inspected for bearing wear 
and adequate lubrication, Any roughness or binding of the 
sheaves is cause for disassembly and service of the unit. 
This is especially important for block assemblies that have 
no built-in lubrication fittings. such as gin blocks. 

The frames, guides, and side plates of block assemblies 
should be inspected daily for damage and wear, Crack- 
ing, distortion, or damage to these components is reason 
to remove them from service. Since hooks are often part 
of a block assembly, they should also be inspected using 
standard hook-inspection guidelines. Blocks with swivel 
hooks should have their swivel bearings checked for 
smoothness of operation and be serviced if any roughness 
or binding of the sheaves is detected. 
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Figure 13-16. Sheave gauges are used to check the shape of the groove of a sheave. Worn sheaves may have gaps at the 
bottom or sides and should be removed from service. 
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INTRODUCTION 


Many hoists are integrated with cranes, and they are generally considered to 
be parts of cranes. Yet hoists are distinct pieces of equipment with specific 
functions.A hoist is a piece of equipment that actually lifts and lowers a load, 
while any other structure is only there to support and move the hoist. Hoists 
of several types and capacities are used in lifting applications. However, due to 
their use in potentially hazardous tasks, all hoists should include basic safety 
features and be inspected and tested regularly. 


OBJECTIVES 


‚ Identify the basic parts and specifications of a hoist. 


* Compare the main types of manually operated and power-operated hoists. 


• Detail how rope wraps onto a hoist drum. 
* Describe the functions and importance of common hoist safety features. 
. Describe the general procedures for testing hoist safety features. 
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HOISTS 


A hoist is a mechanical device used to provide lifting 
force on lead lines. Hoists generally provide greater lift- 
ing capacity, precision, and safety over manual lifting. 
Hoisting and lowering operations can be easily stopped, 
held, and reversed at any point, enabling fine control 
over a load. Hoists are either integrated with large cranes 
or operate as self-contained units. Both types of hoists 
share similar characteristics and components, though 
they differ in design. 

The parts of an integrated hoist may be built into 
separate parts of a crane. For example, a drive unit 
and wire rope drum may be mounted near the back of 
а crane, with the rope running up the back of a boom 
and over a pulley at the end of the boom before running 
down toward a load. 

Overhead hoists contain all hoist components in а 
single assembly that is suspended from either a fixed 
point on a ceiling or structure or on a movable point, 
such as a trolley or crane. The attachment and supporting 
structure must be strong enough to support the weight 
of the hoist, the tackle, the rigging, and the heaviest 
load the equipment should lift, given the appropriate 
safety factor. 


Hoists use gear drives for mechanical advantage.The manner 
of power transfer is different from block and tackle, but the 
effect is the same:force is amplified at the expense of speed 


and distance. For gear drives, force is the torque (rotational 
force) of the input and output shafts.Distance relates to how 
many more times the input shaft must rotate for the output 
shaft to rotate once.This also means that the input shaft turns 
at a faster rate than the output shaft. 


Hoists are specified by their capacity rating and 
certain critical dimensions. See Figure 14-1. Lift is the 
distance between a hoist hook's upper and lower limits 
of travel. Headroom 18 the distance from the cup of a 
hoist's top hook to the cup of the hoist hook when it 
is at its upper limit of travel. This dimension specifies 
how much space must be allowed under the support for 
the hoist. Reach is the distance between the cup of the 
top hook and the cup of the hoist hook when it is at its 
lower limit of travel. Reach is the sum of the lift and 
the headroom. 
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Figure 14-1. Hoists are selected based on their load capac- 
ity and certain other critical dimensions. 


Gear Drives 


Hoists typically provide mechanical advantage with gear 
drives, which convert a small input torque to a large 
output torque. The output torque then turns a hoist drum 
or sprocket to wind or unwind a lead line to provide 
the linear force that lifts or lowers the load. Torque 18 
rotational force. Most hoists use worm gear, spur gear, 
or bevel gear drives. See Figure 14-2. 

А worm gear drive is a pair of gears consisting of 
a spiral-threaded worm (drive gear) and a worm wheel 
(driven gear). The worm must rotate many times in order 
to turn the worm wheel once, which provides a very high 
mechanical advantage. Also, the design prevents reverse 
rotation of the gears. When the input torque is removed, 
the gears cannot rotate backwards. 

A spur gear drive is a pair of meshing gears with 
parallel axes. The teeth may be cut straight (aligned with 
the drive shaft) or helical (partial spirals). The mechani- 
cal advantage of the drive depends on the relative sizes 
of the gears. A small gear driving a large gear provides 
a large advantage, while a pair of similarly sized gears 
provides no advantage. Multiple pairs of gears can be 


combined in a gear drive to further increase mechanical 
advantage. Unlike worm gear drives, spur gear drives 
normally require braking or locking mechanisms to pre- 
vent reverse rotation. 
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Figure 14-2. Hoists use gear drives to convert small input 
torque to large output torque, which allows hoist motors to 
lift heavier loads. 
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A bevel gear drive is a pair of gears that mesh at an angle, 
usually 90°. As with spur gears, the teeth can be straight 
or helical. Also, the mechanical advantages and braking 
requirements are the same as those for spur gear drives. 


Manually Operated Hoists 


A manually operated hoist is a hoist that requires a manual 
force to provide the input torque. These hoists provide some 
means for a person to easily apply force to the hoist, such as 
achain or lever. The hoisting line is commonly a wire rope, 
a welded chain, or a roller chain. Most manually operated 
hoists are either hand-chain hoists or lever-operated hoists. 


Hand-Chain Hoists. А hand-chain hoist is a manually 
operated hoist that uses the rotation of a continuous loop 
hand chain to provide an input torque to a gear drive. 
See Figure 14-3. The operator pulls a hand chain, which 
wraps around a pocket wheel in the hoist. A pocket wheel 
is a sprocket-like wheel with chain-link pockets. The links 
in the hand chain engage with the pocket wheel and cause 
it to rotate. This operates the gear drive, which raises or 
lowers the load. 


Hand-Chain Hoists 


POCKET 


Figure 14-3. For a hand-chain hoist, the input torque is pro- 
vided by manually pulling on a continuous loop hand chain. 
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Hand-chain hoists must be hung vertically so that 
the hand chain is free to rotate around the wheel. If the 
hoist is hung at an angle, the hand chain may drag on 
the housing and become jammed between the housing 
and the chain wheel. Hand-chain hoists are normally 
rated for 1⁄4 t to 50 t. 


Lever-Operated Hoists. A /ever-operated hoist is a manu- 
ally operated hoist that uses the movement of a lever to 
provide an input torque to a gear drive. See Figure 14-4. 
Most lever-operated hoists use ratchets to transfer power 
and prevent reverse rotation. À ratchet is a mechanism in 
which a toothed wheel is prevented from rotating backward 
by engagement with a spring-loaded pawl. The ratchet 
wheel advances for each stroke of the lever, either directly 
or through a gear drive to provide additional mechanical 
advantage. A release mechanism reduces tension on the 
hoisting line in a controlled manner. Once the tension is 
removed, a free-wheeling mechanism allows the hoisting 
line to be quickly adjusted. 
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Figure 14-4. A lever-operated hoist uses a ratchet wheel to 
convert the back-and-forth motion of a lever to output torque. 


Lever-operated hoists are available in a variety of 
sizes and load ratings from %4 t to 15 t. They are also 
very compact, so they can be used in confined areas. 
They are often used in operations involving horizontal 
rigging, such as pulling equipment across a floor, where 
the use of a hand-chain hoist would not be practical. 
They are also used where the fine control of the position 
of a load is necessary, such as when lining up bolt holes 
on flanges апа fittings. 


Power-Operated Hoists 


A power-operated hoist is a hoist that includes a power 
source and is controlled by an operator. The most com- 
mon power sources used with these types of hoists are 
hydrostatic, electric, and pneumatic. Power-operated 
hoists may use either chain or wire rope as a hoisting line. 


Hydrostatic Hoists. A hydrostatic hoist, or hydraulic 
hoist, is a power-operated hoist that uses the high pres- 
sure of hydraulic fluid to provide an input torque to a 
gear drive. A hydraulic motor is used to convert fluid 
pressure into torque. Hydrostatic hoist systems create 
the high pressure with a hydraulic pump, which is driven 
by either an electric motor or a combustion engine. By 
using an engine as the power source, hydrostatic hoists 
are particularly suitable for mobile cranes, which already 
include engines and all of their supporting systems. 
The hydraulic system can also be used to drive other 
parts of a crane, such as pistons that extend and retract 
a telescoping boom. 

The addition of a hydraulic system to a hoist’s power 
transfer design makes the design more complex, requiring 
more frequent inspections and increased maintenance. 
However, hydrostatic hoists provide particularly smooth 
and precise control of loads and have proven to be very 
reliable when properly maintained. They are becoming 
increasingly common, especially in mobile cranes. 


Electric Hoists. An electric hoist is a power-operated 
hoist that includes an electric motor to provide an input 
torque to a gear drive. See Figure 14-5. Electric hoists 
are particularly versatile, being available in a wide range 
of capacities and for many types of applications. Small 
units are often used as stationary hoists or on small gantry 
cranes. Extremely large electric hoists are used on large 
overhead and tower cranes. Electric hoists are also built 
into mobile cranes, where the electricity is supplied by 
the vehicle’s engine. The most common industrial electric 
hoist capacities range from 1⁄4 t to 20 t, with power supply 
requirements between 120 VAC and 575 VAC. 
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Figure 14-5. An electric hoist uses an electric motor to 
provide an input torque to a hoist gear drive. 


Electric hoists are controlled from either a pendant or 
from an operator’s cab, depending on the type of crane. 
Some electric hoists feature motor drives that provide 
multiple speeds and can start the hoist with a short-but- 
gradual increase to the desired speed. This feature avoids 
abrupt starts that shock and stress the hoisting line. It 
also helps the operator position the load more precisely. 


Pneumatic Hoists. A pneumatic hoist is a power- 
operated hoist that uses an air motor to provide an input 
torque to a gear drive. See Figure 14-6. Air motors are 
able to start, stop, reverse, and operate at variable speeds 
and with smooth transitions. They are also inherently 
self-cooling and therefore ideal for applications in high- 
temperature surroundings. Pneumatic hoists also have a 
distinct advantage over electric hoists when used where 
electric arcing poses an explosion hazard, such as in 
paint or petrochemical facilities. 

The compressed air supply must be adequately sized 
to provide the necessary airflow and pressure for the 
rated capacity of the hoist. The compressed air supply 
must provide a certain standard cubic feet per minute 
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(SCFM) of air in order to adequately operate the hoist. 
Air compressor SCFM specifications are compared to 
minimum pneumatic hoist requirements to select ap- 
propriate compressors. See Figure 14-7. 
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Figure 14-6. A pneumatic hoist uses an air motor to con- 
vert airflow and pressure from a compressed air supply to 
input torque. 
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Figure 14-7. The minimum compressed air supply specifi- 
cations for a hoist depend on the lifting capacity and speed 
of the hoist. 
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Drum Wrap 


Hoists that have ropes for hoisting lines wrap the ropes 
around drums when lifting loads. A drum is a cylinder 
on the output of a hoist which winds and unwinds rope. 
Rope must be wound properly onto a drum to avoid 
kinking or tangling. 

The first layer of rope establishes a pattern for 
proper winding. Some drums are grooved to help keep 
each wrap of the first layer in place. See Figure 14-8. 
Smooth drums require the first layer of rope to be wound 
carefully, with each wrap as close as possible to the 
preceding wrap. The first layer then guides the wraps 
in successive layers. For this reason, the entire first 
layer should never be unwound from a smooth drum. 
On grooved drums, there must always be a two-wrap 
minimum. If adrum becomes completely unwound, the 
attachment that binds the rope to the drum may not be 
strong enough to hold a load. 
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Figure 14-8. When hoisting, rope is wound onto hoist 
drums. Some hoist drums contain grooves to guide the 
rope into a proper winding pattern. 


The initial winding of a hoist drum involves transferring 
rope from a reel. A reel is a wooden cylinder on which rope 
is wound for shipping and storage. During rope transfer, the 
unreeling process should be straight and under tension. 
Gloves should always be worn when handling wire rope. 


The proper direction for winding the first layer on a 
drum is determined by the lay of the rope. See Figure 
14-9. The rope lay also determines whether the rope is 
wound over or under the drum. For example, the rope 
should be overwound from left to right if the rope is 
anchored on the left and the rope is a right-lay rope. 
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Figure 14-9. The pattern of the drum wrap is determined 
by the rope lay and direction. 


As the rope is forced up to the second layer at the 
flange, a reverse helix is created, causing the rope to 
cross over. See Figure 14-10. A crossover is the single 
turn of rope at the end of one drum wrap in which the 
rope winds over the previous wrap to begin a new wrap. 
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Figure 14-10. A crossover is the single turn of rope at the end 
of one drum wrap in which the rope winds over the previous 
wrap to begin a new wrap. 


Тһе hoist assembly of а crane uses hydraulic or electric motors 
and gear drives to rotate the drums. The wire rope on the drums is 
wound or unwound as needed to raise or lower the load. 


Hoist Safety Devices 


All hoists are equipped with safety mechanisms to avoid 
property damage and hazardous conditions. Basic safety 
features include slip clutches, limit switches, and brakes. 
Some hoists include additional safety features. 

Slip Clutches. A s/ip clutch 15 a spring-loaded, friction- 
held mechanism that remains engaged until torque 
reaches a certain limit, at which point the clutch slips. 
A ship clutch is a safety feature since it prevents the 
hoist from lifting a load that is over its rated capacity. 
A hoist may be mechanically able to lift a load beyond 
its rated capacity, but its components will then be under 
such stress that a failure is more likely. Also, with such 
a load being suspended, a failure or load drop could be 
more catastrophic than with a lighter load. Also, unseen 
damage may occur to an overloaded hoist that could 
cause failure at a later time. 

A slip clutch consists of a pair of friction materials 
held in contact with each other under spring pressure. 
See Figure 14-11. Under normal use, the friction force is 
great enough to keep the clutch halves turning together, 
and power is transferred from the input shaft (motor or 
manual input) to the gear drive. However, when a hoist is 
loaded to a certain percentage beyond its rated capacity, 
the friction materials slip and the output side receives no 
power. The motor may continue to run, but the output 
shaft no longer turns, keeping the load stationary. 
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Figure 14-11. The two halves of a slip clutch will slip under 
high torque to prevent a hoist from lifting a load heavier 
than its rated capacity. 


Slip clutches are designed to slip at 110% to 125% 
of the rated capacity. This slight over-capacity setting 
allows a clutch to tolerate some sudden loading at the 
capacity rating. Sudden, or shock, loading momentarily 
induces a higher torque than static loading does. Many 
slip clutches are preset by manufacturers, while others 
are adjustable. Adjustable slip clutches must never be 
adjusted beyond manufacturer recommendation 


Limit Switches. A limit switch is a switch that activates 
when a moving component reaches the normal end of its 
range of travel. A limit switch automatically deenergizes 
а hoist when the hoisting line reaches either end of it 
travel limit. Limit switches are safety switches and are 
not to be relied on as stop switche 
eration, a hoist should never get close enough to thes 
limits to activate the switches. 


Under normal ор 
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Upper limit switches prevent a hoist hook from impact- 
ing a hoist or boom, which would cause damage to the 
wire rope or chain and potentially overload the motor. See 
Figure 14-12. A spring-supported limiting plate on the 
hoisting line may be used to activate a switch before the 
hook body reaches that point and provide a softer contact 
point. On some cranes, the upper limit switch mechanism 
is known as an anti-two-blocking device. 
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Figure 14-12. Upper limit switches prevent a hoist hook 
from impacting a hoist body or boom by deenergizing the 
hoist if the switches are activated. 


Lower limit switches prevent a hoist from reaching 
the end of its hoisting line (chain or rope) while lower- 
ing. Without this safety feature, the stop or anchor at 
the end of a rope or chain could break, thus dropping 
the load. 


Brakes. A manually operated hoist uses a ratchet-type 
mechanism to lock a drive in place when not actively 
hoisting or lowering. However, a power-operated hoist 
requires a braking system to keep a load in place during 
pauses in hoisting or lowering. A braking system must 
also activate automatically to hold a load if hoist power 
is removed or lost during a lift. 

The most common type of hoist braking system 
uses the friction of a brake lining against a rotor in a 


motor or gear drive assembly. See Figure 14-13. Like 
a slip clutch, springs keep a brake lining pressed tightly 
against the rotor. However, while the hoist is operating, 
solenoids pull the brake lining away from the rotor, 
allowing the rotor to turn freely. When the hoist motor 
stops or if all power is lost, the solenoids deenergize 
and the brake lining is pushed against the rotor, quickly 
stopping the hoist. 
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Figure 14-13. When a hoist motor stops, springs push a 
friction brake lining against the shaft rotor to hold a load 
in place. 


HOIST INSPECTIONS 


Hoists must be inspected to ensure that they meet current 
code requirements and have no damage or modifications 
that present safety hazards. As with other types of rigging 
equipment, hoists must be inspected thoroughly when 
first placed into service and then again at frequent and 
periodic intervals. Checklists are often used to guide hoist 
inspections. See Figure 14-14. Inspection checklists are 
adapted as needed for particular types of hoists, often 
from checklists provided by the manufacturer. 
Frequent inspections are conducted by an operator 
before each use, which is typically daily. These checks 
are mostly visual and include identifying unusual sounds 
or temperatures that may indicate problems. Periodic in- 
spections occur either monthly or semiannually, depend- 
ing on the equipment and regulations. These inspections 
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examine the conditions of load-bearing components 
(such as hooks, wire rope, and chain) and nut and bolt 
tightness. Periodic inspections must also cover safety 
features, such as braking systems and limit switches. 

Any repairs or major adjustments to a hoist must be 
recorded on written reports. A report should identify the 
hoist serviced and indicate the work performed, the date, 
the reason for the repair, the individual performing the 
inspection, and the parts replaced. 


Prior to any inspection, a hoist must be placed into a safe 
condition. Any suspended load must be landed and secured 


and the power supply of a power-operated hoist (electricity 
or compressed air) must be locked out and tagged out. This 
prevents any inadvertent movement that could cause a 
hazardous condition. 


Electric Hoist Inspection Checklists "2 


+ item Daily 


All functional operating mechanisms 


Monthly 


Semi- 


Deficiencies 
annually 


Maladjustment interfering with proper operation, 
excessive component wear 


Controls 


Safety devices 


——————— — 


Improper operation 


"A Malfunction 


Hooks 


Deformation, chemical damage, 15% in excess 
of normal throat opening, 10% twist from plane of 
unbent hook, cracks 


Load-bearing components (except rope 
or chain) 


Load-bearing rope 


Damage (especially if hook is twisted or 
pulling open) 


Wear, twist, distortion, improper dead-ending, 
deposits of foreign material, broken wires 


Load-bearing chain 


Wear, twist, distortion, improper dead-ending, 
deposits of foreign material 


Fasteners 


Not tight 


Drums, pulleys, sprockets 


Cracks, excessive wear 


Pins, bearings, shafts, gears, rollers, 
locking and clamping devices 


Cracks, excessive wear, distortion, corrosion 


Brakes 


Electrical 


Contactors, limit switches, pushbutton 
stations 


Excessive wear, drift 


Pitting, loose wires 


Deterioration, contact wear, loose wires 


ا 


Hook retaining members (collars, nuts) 
and pins, welds, or rivets securing them 


Not tight or secure 


Supporting structure or trolley 


Continued ability to support imposed loads 


Warning label 


Removed or illegible 


Pushbutton markings 
Capacity marking 


Removed or illegible 


Removed or illegible 


Figure 14-14. Hoisting equipment must be inspected at frequent and periodic intervals. 
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Slip Clutch Tests 

Slip clutches are typically set at about 1106 of the 
rated capacity of а hoist. In order to test a slip clutch 
mechanism, the hoist is used to attempt to litt a load 


that is a little greater than that rating or about 12546 of 


the rated capacity. The slack in the lifting line is slowly 
pulled up. and then the hoist is put under stress as it 
attempts to slowly lift the load. И the slip clutch is set 
and working properly. the excessive weight of the load 
will cause the clutch to slip. The motor will continue to 
run, but the load will not rise. 


Limit Switch Tests 


Hoist limit switches are tested by operating an unloaded 
hoist in either direction until a limit switeh is activated. 
which should immediately stop the hoist. To test the up- 
per limit switch, the hoist hook should be inched up to the 
limit switch slowly, which should avoid damage tf the limit 
switch is faulty. The lower limit switeh is tested similarly 
while lowering the hoist hook. 

If a limit switch appears to be faulty, a continuity 
tester can be used to indicate open or closed circuits 
without the need for electrical power. After a switch has 
been checked or corrected, all guards and safety devices 
should be installed and reactivated. 


Brake Tests 


A brake test checks for proper operation of a hoist 
braking system when under load. All personnel should 
be alerted that a free-fall condition could exist during 
the test, and warning signs and barriers must be used 
on the floor beneath the hoist. A load equal to the rated 
capacity is attached to the hoist hook, and any slack in 
the hoisting line is slowly pulled up. The load is raised a 
few inches, and the hoist is stopped. If the brakes hold, 
the load is raised and lowered several feet while stopping 
the hoist several times to check the brakes. 

If the brakes engage but the hook drifts. this is a sign 
of wear to the hoist braking system. Hook drift is the 
continued travel of a hoist hook caused by insufticient 
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motor braking. Hook drift is caused by a worn or mis- 
aligned brake lining, which increases the air gap between 
the lining and the rotor. An air gap is set at à specific 
spacing (typically Уз”) but increases as the brake lining 
wears. If the gap becomes too wide, the brake no longer 
engages fully, Some braking systems include a limit 
switeh that prevents the hoist motor from operating if 
the gap reaches a worn limit. To cheek for hook drift, 
the hoist issoperated in the lifting and lowering direc- 
tion without a load. The hoist is then stopped abruptly. 
The hook drift should not exceed 1" in either direction, 

To inspect a brake assembly. the power source is 
locked out and tagged out. A brush or compressed air 
is used to remove accumulated brake lining dust from 
the air gap. The air gap at all three adjusting points is 
then checked. If the air gap is too wide, the lining needs 
to be replaced. If it varies, the adjustment springs are 
weak or broken or overheating has deformed the brake 
lining or compression plates. Removed brake linings 
are inspected for deformation by laving a straightedge 
across the center and checking for gaps as the straight- 
edge is rotated. See Figure 14-15. 


Brake Lining Inspection 
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Figure 14-15. A straightedge is placed against a hoist brake 
lining in order to check for deformation. 
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Selected Hoisting-Related OSHA Regulations* қ 


1910 Subpart N - Materials Handling and Storage 
1910.176 — Handling materials — general. 
1910.178 — Powered industrial trucks. 

1910.179 — Overhead and gantry cranes. 
1910.180 — Crawler locomotive and truck cranes. 
1910.181 — Derricks. 

1910.183 - Helicopters. 

1910.184 - Slings. 


1926 Subpart H - Materials Handling, Storage, Use, and Disposal 


1926.251 — Rigging equipment for material handling. 


1926 Subpart М — Helicopters, Hoists, Elevators, and Conveyors 


1926.551 — Helicopters. 


1926.552 — Material hoists, personnel hoists, and elevators. 


1926.553 - Base-mounted drum hoists. 
1926.554 - Overhead hoists. 
1926.555 — Conveyors. 
1926.556 - Aerial lifts. 
1926 Subpart CC — Cranes & Derricks in Construction 
1926.1400 — Scope. 
1926.1401 — Definitions. 
1926.1402 — Ground conditions. 


1926.1403 — Assembly/Disassembly—selection of manufacturer 


or employer procedures. 
1926.1404 — Assembly/Disassembly—general requirements 


1926.1412 — Inspections. 

1926.1413 — Wire rope—inspection. 

1926.1414 — Wire rope—selection and installation criteria. 
1926.1415 — Safety devices. 

1926.1416:- Operational aids. 

1926.1417 — Operation. 

1926.1418 — Authority to stop operation. 

1926.1419 — Signals—general requirements. 


1926.1420 — Signals—radio, telephone or other electronic 
transmission of signals. 


1926.1421 - Signals—voice signals—additional requirements. 
1926.1422 — Signals—hand signal chart. 

1926.1423 — Fall protection. 

1926.1424 — Work area control. 

1926.1425 — Keeping clear of the load. 

1926.1426 — Free fall and controlled load lowering. 
1926.1427 — Operator qualification and certification. 
1926.1428 — Signal person qualifications. 

1926.1429 — Qualifications of maintenance & repair employees. 
1926.1430 - Training. 

1926.1431 — Hoisting personnel. 


1926.1432 - Multiple-crane/derrick lifts— 
supplemental requirements. 


1926.1433 — Design, construction and testing. 


(applies to all assembly and disassembly operations). 1926.1434 — Equipment modifications. 
1926.1405 - Disassembly—additional requirements for dismantling 1926.1435 — Tower cranes. 
of booms and jibs (applies to both the use of 1926.1436 — Derricks. 


manufacturer procedures and employer procedures). Е . Р 
1926.1406 - Assembly/Disassembly—employer procedures— 1926.1437 – т and land cranes/derricks 


general requirements. 
1926.1407 — Power line safety (up to 350 kV)—assembly and о 
1926.1439 — Dedicated pile drivers. 


disassembly. 
1926.1408 — Power line safety (up to 350 kV)—equipment 1926.1440 — Sideboom cranes. 
1926.1441 — Equipment with a rated hoisting/lifting capacity of 


operations. 
1926.1409 — Power line safety (over 350 kV). 2,000 pounds or less. 
1926.1442 — Severability. 


1926.1410 — Power line safety (all voltages)—equipment 
1926 Subpart CC App A — Standard Hand Signals 


operations closer than the Table A zone. 
1926.1411 — Power line safety—while traveling under or 1926 Subpart CC App B — Assembly/Disassembly—Sample 
Procedures for Minimizing the 


near power lines with no load. 
Risk of Unintended Dangerous 
Boom Movement 


1926 Subpart CC App C — Operator Certification— 
Written Examination— Technical 
Knowledge Criteria. 


"Does not include all applicable general construction or industry-specific regulations. 
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ASME B30 Standards 4 


B30.1, Jacks, Industrial Rollers, Air Casters, апа Hydraulic Gantries 

B30.2, Overhead and Gantry Cranes (Top Running Bridge, Single or Multiple Girder, Top Running Trolley Hoist) 
B30.3, Tower Cranes 

B30.4, Portal, Tower, and Pedestal Cranes 

B30.5, Mobile and Locomotive Cranes 

B30.6, Derricks 

B30.7, Base Mounted Drum Hoists 

B30.8, Floating Cranes and Floating Derricks 

B30.9, Slings 

B30.10, Hooks 

B30.11, Monorails and Underhung Cranes 

B30.12, Handling Loads Suspended from Rotorcraft 

B30.13, Storage/Retrieval (S/R) Machines and Associated Equipment 

B30.14, Side Boom Tractors 

B30.15, Mobile Hydraulic Cranes (Withdrawn and Consolidated with B30.5) 

B30.16, Overhead Hoists (Underhung) 

B30.17, Overhead and Gantry Cranes (Top Running Bridge, Single Girder, Underhung Hoist) 
B30.18, Stacker Cranes (Top or Under Running Bridge, Multiple Girder with Top or Under Running Trolley Hoist) 
B30.19, Cableways 

B30.20, Below-the-Hook Lifting Devices 

BS0.21, Manually Lever-Operated Hoists 

B30.22, Articulating Boom Cranes 

B30.23, Personnel Lifting Systems 

B30.24, Container Cranes 

B30.25, Scrap and Material Handlers 

B30.26, Rigging Hardware 

B30.27, Material Placement Systems 

B30.28, Balance Lifting Units 

B30.29, Self-Erecting Tower Cranes 

B30.30, Ropes (Future Release) 
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Architectural Symbols... | 


Material Elevation Plan View Section 


| 
| SAME AS PLAN VIEWS 
4 


"WITH NOTE INDICATING 
TYPE OF BRICK хах 
(COMMON, FACE, ETC.) FIREBRICK 


© 


LIGHTWEIGHT SAME AS PLAN VIEWS 
CONCRETE , ae: 


em. Ж. 
m ^ 


“е Е T 


STRUCTURAL 


CONCRETE 
MASONRY UNITS 


LJ B 


CUT STONE RUBBLE CUT STONE 


CUT STONE RUBBLE : i CAST STONE RUBBLE OR 
) (CONCRETE) CUT STONE 


Х 


WOOD STUD 


wooo i к 


REMODELING 


ROUGH FINISHED PLYWOOD 


SIDING MEMBERS MEMBERS 


۹ 


OD STUD, LATH, AND PLASTER 


` = ESS Ne me 
PLASTER Mile 


` METAL АТН AND PLASTER 


E E Е 3 LATH AND 


- I PLASTER 
SOLID PLASTER 


ROOFING SAME AS ELEVATION 


SHINGLES 


I کک کے‎ ИЕ 4 GLASS BLOCK 
GLASS BLOCK 
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... Architectural Symbols | 


Material | Elevation Plan View Section 


= i N 

гара т E un: 
i | 
i 


E ea 


FLOOR TILE CERAMIC TILE 
SMALL SCALE 


1 


ey ОНА зы AS е ` < <> У x > Sd SAME AS PLAN VIEW 


AAA AAD 


LOOSE FILL OR BATTS 
l 


INSULATION EHI | IHE H SAME AS PLAN VIEWS 


H 2 
RIGID 


SPRAY FOAM 


SHEET METAL OCCASIONALLY 
FLASHING INDICATED BY NOTE 


LLL La 


STEEL 
INDICATED BY NOTE 
METALS OTHER ы SAME AS ELEVATION 


THAN FLASHING OR DRAWN TO SCALE > 
OMA 


ALUMINUM 


RE 8 
STRUCTURAL INDICATED BY NOTE L I " 
STEEL OR DRAWN TO SCALE й 
SMALL LARGE 
SCALE SCALE 


L-ANGLES, S-BEAMS, ETC. 


ELECTRIC 


NORTH FIRE HYDRANT SS WACK SERVICE 


IMPROVED NATURAL 


POINT OF د‎ 
MAILBOX CCSD GAS LINE 


BEGINNING (РОВ) 


OR VALVE MANHOLE ROAD 


BUILDING LINE TELEPHONE 


POWER POLE TREE LINE 


AND GUY 


PROPERTY NATURAL 


LIGHT STANDARD BUSH LINE GRADE 


UTILITY METER (m UNIMPROVED WATER LINE 


Me. FINISH 
TRAFFIC SIGNAL | (777774 HEDGEROW — PROPE GRADE 


TOWNSHIP EXISTING 
STREET SIGN s— FENGE LINE ELEVATION 
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OSHA Hand Signals 


EMERGENCY STOP : | DOG EVERYTHING 


? ж, 


USE AUXILIARY HOIST HOIST 


a 


E и т Ф: 


MOVE SLOWLY SWING RAISE BOOM LOWER BOOM 


| E 


RAISE THE BOOM | LOWER THE BOOM EXTEND | RETRACT 
AND LOWERTHE LOAD AND RAISE THE LOAD TELESCOPING BOOM TELESCOPING BOOM 


в. а is 


е B 


E Я 


TRAVEL/ | | CRAWLER CRANE, | CRAWLER CRANE 
TOWER TRAVEL TROLLEY TRAVEL BOTH TRACKS TRAVEL, ONE TRACK 


Common U.S. Customary Units 


inch 


foot 


yard 


square inch 
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Equivalents 
0.083 ft or 0.028 yd 
12 in. or 0.33 yd 
36 in. or 3ft 
0.0069 sq ft or 0.00077 sq yd 


ہم 
4 
| 


sq in. огіп” 


square foot. sqft ort | 144 sq іп. or 0.11 sq yd 


p I —— = - d 


square yard 


| $3 yd or yd 1296 sq in. or 9 sq ft 
cu in. orin? | 0.00058cuftor0.000021 cu yd 
cu ft or ft? 1728 cu ín. or 0.037 cu yd 
46,659 си іп. or 27 cu ft 
Ib or # 0.0005 t 


t | 2000 Ib 


cubic inch 


cubic foot 


Cubic yard cu yd or yd’ 


Common Metric Units E 
Equivalents 


Unit Abbreviation 
0.01 т or 0.00001 km 


m—Ü he с 
Length meter | m | 


100 cm or 0.001 km 


vilorneter | ` km | 100,000 ст or 1000 т 
square centimeter | Ст | _ 0.0001 m* 
square meter | m* n 10,000 cm* 
cubic centimeter | m 0.000001 m* or 0.001 1 
cubic meter — "wi m | ^ 1,000,000 ст? or 1000 | 
Шанг РТ Fa 1000 ст? or 0.001 т? 
kilogram | kg | 0.001 t 
metric ton | t , | 1000 kg 


Unit Conversions ч 


US. Customary іс Metric 
1 ft = 0.205 т 
1 ft^ = 0.0929 пу 


1 ft^ 2 0.0225 m* 


Mulliptes and Submultiples Prefixes Symbols Meaning 
1.000.000.000.000 = 10" | ^ tera T trillion 

1900000000 = 10: | 

2 1000000 = 10° | 

1000 = 10° | 


| giga | | billion 


milion 


thousand 


hecto hundred 


25845 3 ten 


deci | | tenth 
centi | | hundredth 
€ t——— P 

milli | m | thousandth 


rnicro | T millionth 
- — t 


- — 
nano | billionth 
A E Н —— Ha * 


2 0000000001 
0.000000000001 = | pico 


trillionth 
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Standard Stock Material Shapes... 


WEB == DEPTH SHAPE 


DEPTH - 
TP 
FLANGE BEAN WN 18x76 
WEIGHT PER 


1 LINEAR FOOT 


BEAM SHAPE SYMBOLS: 
LI 
W (WIDE FLANGE), S (STANDARD), M (MISCELLANEOUS), HP (H-PILE) 


BEAM 


ЕТТЕ? | CHANNEL DEPTH 
SHAPE He 
В x1 


WEB ~_| DEPTH A 


\_ WEIGHT PER 
LINEAR FOOT 


CHANNEL SHAPE SYMBOLS: 
L, C (AMERICAN STANDARD), MC (MISCELLANEOUS CHANNEL) 


CHANNEL 


WEB THICKNESS — | - LONG LEG 
Е гг WEB 


LEG 


Г 


— LEG ee 
THICKNESS 


NOTE: LONG LEG DIMENSION LISTED FIRST. 
ANGLE SYMBOLS: L, £ 
ANGLE 


STEM THICKNESS 
4 


CUT FROM BEAM | TEE SHAPE 


STEM ~ | | 


DEPTH 


_ FLANGE |, FLANGE WIDTH Ei 
WIDTH THICKNESS 
ANGLE SHAPE SYMBOLS: 
T, WT (TEE CUT FROM W ВЕАМ), ST (TEE CUT FROM S BEAM), MT (TEE CUT 


FROM M BEAM) 
TEE 


Аррепдіх 


... Standard Stock Material Shapes... 


SQUARE OR 
RECTANGULAR TUBING 
WALL THICKNESS 
(AS DIMENSION 
OR GAUGE) DEPTH 


E Demin: WALL 
=] WIDTH THICKNESS 


WALL THICKNESS 
(AS DIMENSION ROUND TUBING 3 


OR GAUGE) 
Б 
| т к? 
OUTSIDE DIAMETER WALL 


OUTSIDE 
DIAMETER THICKNESS 


TUBING SHAPE SYMBOLS: 
O(SQUARE OR RECTANGULAR), O(ROUND), TS (STRUCTURAL TUBING) 


TUBING 


WIDTH OR 
DIAMETER 


3 
BAR 3x2 
р а AC 


THICKNESS 


р t 
" THICKNESS 
DISTANCE Ж 
jm 


ACROSS EAS es l4 WIDTH 
Square 


DISTANCE (9 Ў 
ACROSS FLATS _ DIAMETER ~ 


Octagon Round 


BAR SYMBOLS: 
CÁ BAR, Ø (ROUND) 
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... Standard Stock Material Shapes 


INSIDE DIAMETER /- NOMINAL PIPE 


OUTSIDE 
DIAMETER 


2 SIZE (NPS) 
PIPE STD x1 
p LENGTH 


^ LENGTH 
WEIGHT (BASED 
ON WALL THICKNESS) 


WALL 
THICKNESS =“ 


PIPE 
LENGTH 


PLATE 
SYMBOL -WIDTH 


1 
THICKNESS — — 14 "L^ 
(AS DIMENSION ) E '- LENGTH 


OR GAUGE) THICKNESS 


PLATE AND SHEET SYMBOLS: 

te. (AL 

NOTE: THICKNESS OF 1/4” OR GREATER IS CONSIDERED PLATE AND LESS 
THAN 1/4” |5 CONSIDERED SHEET. 


PLATE AND SHEET 


Electrical Conduit Weights* 


Trade Size Steel EMT Steel IMC Steel Rigid Aluminum Rigid 
0.300 
0.460 


PVC Rigid 


* in Ib/ft 
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Stock Material Weights* b 


Material Welg Material Weight Material Weight 


METALS 


Aluminum, cast hammered 165 Cypress, southern Greenstone, trap 


Aluminum, bronze Douglas fir 


Gypsum, alabaster 


Antimony 416 Elm, American Limestone 


Arsenic 


Hemlock, eastern or western Magnesite 


Marble 


Bismuth Hickory 


Brass, cast-rolled 


Larch, western Phosphate rock, apatite 


Chromium Maple, red or black 38 - 40 


Pumice, natural 


Quartz, flint 


Copper, cast-rolled 556 Sandstone, bluestone 


Gold, cast-hammered Poplar, yellow Slate, shale 


BITUMINOUS SUBSTANCES 


Asphaltum 


Iron, cast pig 450 Redwood 


Spruce 


Iron, wrought | 


Iron, slag Tamarack 


Coal, anthracite 


Magnesium Coal, bituminous 


Manganese 456 Alcohol, 100% 
Acid, muriatic (40%) 
Acid, nitric (91%) 
Acid, sulphuric (87%) | 112 
Lye, soda (66%) 


Oils 


Coal, lignite 


Mercury Coal, coke 


Molybdenum 
Nickel 


Graphite 


Paraffin 


Platinum. cast-hammered Petroleum, crude 


Silver, cast-hammered Petroleum, refined 


Pitch 


Steel Petroleum 


Tar, bituminous 


BRICK MASONRY 


Pressed brick 


Tin, cast-hammered Gasoline 


Tungsten Water, at 4°C 


Vanadium Water, ice 


Zinc, cast-rolled 440 Water, fresh snow Common brick 


OTHER SOLIDS Water, sea water 64 Soft brick 100 
Carbon, amorphous GASES CONCRETE 


Cork Air, at 0°C 0.08071 Cement, stone, sand 144 
0.0478 


Ammonia 


Cement, slag, etc. 130 


100 
BUILDING MATERIAL 


Hydrogen 0.00559 Cement, Portland (loose) 
Nitrogen 0.0784 


Carbon dioxide 


Fats 


Glass, common plate Carbon monoxide 


Glass, crystal Gas, natural 


Phosphorous, white 


Resins, rosin or amber Cement, Portland (set) 


Rubber Oxygen Lime, gypsum (loose) 


Mortar, set 


Silicon 


Asbestos Slags, bank slag 
Basalt 184 


Bauxite 159 


Sulphur, amorphous 


Wax 


TIMBER, U.S. SEASONED 


Ash, white 41 


Slags, screenings 


Slags, machine slag 


Clay, damp 


Beech 


Dry, packed 
Mud, packed 


Birch, yellow 


Dolomite 


Cedar, white or red 22-23 


* in Ib/cu ft 
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Regular-Nut Eyebolts | 


ІШІ TOR р: Е 
AN 
C 


i 
A -W 


i 
| 


Shank 
Diameter 
-and Length” 


G à 


G-291 Working Weight 


Stock 


No. Galv 


1043230 
1043258 


Load 
Limitt 


per 
100! 


6.00 
13.50 


A 


0.25 


— 


| 


== 
= м x 


Dimensions* 


(4,25) 


1043276 


18.75 


0.31 


1043294 


25.00 


0.31 


1043310 


24.33 


0.38 


1043338 


37.50 


0.38 


1043356 


43.75 


0.38 


1043374 


50.00 


0.50 


1043392 
1043418 


62.50 
75.00 


Ae 


0.50 


0.50 


1043436 


88.00 


0.50 


1043454 
4 


| 100.00 


| 


0.50 


1043472 


101.25 | 0.62 


1043490 


- 
120.00 


0.62 


1043515 


131.00 


0.62 


1043533 


162.50 


0.62 


1043551 


175.00 


0.62 


1043579 


| 185.90 


0.75 


1043597 


180.00 


0.75 


34 x 10 


1043613 
1043631 


7200 


200.00 
| 237.50 


0.75 


0:75 


34 x 12 


1043659 


7200 


251.94 


| 


0.75 


34 x 15 


78 x 5 


1043677 


7200 


_| 300.00 


075 


1043695 


10,600 


275.00 


0.88 


76 х 8 


1043711 


10,600 


325.00 


0.88 


7 х 12 


1043739 


10,600 


400.00 


0.88 


1x6 


1043757 


13,300 


| 425.00 


H 


1.00 


o9 


1043775 


13,300 


452.00 


1.00 


il es We 


1043793 


13,300 


550.00 


| 


1.00 


x 18 


1043819 


13,300 


650.00 


1.00 


1% x8 


1043837 


21,000 


750.00 


| 


14215 


114 x 12 


1043855 


21,000 


900.00 


112215) 


1% x 20 


‘inin. 
tin Ib 


1043873 


21,000 


1150.00 


1:25 


Shoulder-Nut Eyebolts = 


ІШІШІ 
ев, 


Shank G-277 Working 
Diameter Stock 
and Length Мо Сам Limit 


1045014 6.61 
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we (Е 


7" 


U[ ІШІ 


Dimensions 


D 


E 


1045032 8.61 


1045050 12.50 


1045078 WES 


1045096 19.00 


1045112 31.58 


1045130 | 37.50 


1045158 56.25 


1045176 75.00 


1045194 100.25 


1045210 125.00 


1045238 150.00 


1045256 ; 225.00 


1045292 i 375.00 


1045318 Л 429.00 


1045336 Р 650.00 


1045354 : 775.00 


1045372 : 1425.00 


" in Im. 
t in Ib 


Rated Loads* of Shouldered Eyebol: 
4 E yetyoll Angle of Pull 
Size’ 9: m: 80” 


360 300 


10,600 6890 3180 2650 


13,300 8645 3990 3325 
1% 21,000 13,650 6300 5250 
in Ib 
'! an in 


Rated Loads* of Master Lin 


Nominal 


Size’ 


End 


Alloy 
Steal 


Material 


Рем Shape 


Anoy 
Steal 


Carbon 
Stee? 


62,600 


84,900 


* in Ib, with a safety factor of 5 
tin іп. 


102,600 
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Machinery Eyebolts к. 


Y 


Sine Y Y 
ППА» F с ІШ 
= 


ER 
1 - 


ІШІ! 


| 


а Stock Working Weight Dimensiana* 
Diameter No Load рег Е 
and Length” `` Limit 100: 


V4 x 1 9900182 


== 


546 х 1% 9900191 | 


38 x 1% 9900208 


VA x 1% 9900217 


% х 1% 9900226 


hm B 9900235 


A x 214 9900244 


1x 2% 9900253 


ASG 9900262 


1% x 3% 9900271 


' in in. 
t in lb 


Rated Loads* of Hoist 
Hooks with Eye Attachmer 


Throat Material 


Opening! Carbon Steel Alloy. Steel 
2000 
3000 
4000 


Rated Loads* of Anchor Shackles 


Nominal inside Pin Material 


Sizet Width Diametert Carbon | Alloy 
st. Steel Steel 


Ae 0.38 0.25 
Va 0.47 0.31 


^e 0.53 


10,000 
14,000 
22,000 


30,000 
44,000 


9500 14,000 
13,000 19,000 


* in Ib, with a safety factor of 5 
Tin in. 


1.25 
1.38 
1.50 


* in Ib, with a safety factor of 5 
* in in. 
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Сһаіп Specifications 


| 

: Approximate 

- Е аон ‚| Length’ Width* | Weight’ per MATERIAL 
| Grade 80 | Grade 100) "ameter 100 DIAMETER 


| 
Nominal | _ Rated Load! 
‘Chain: Size’ : 


Rated Loads* of Chain Slings 


Single-Leg Two-Leg Sling Four-Leg Sling 
Vertical a 60° 45° 
Nominal "я 


| 50 30° 
Chain біге! 
| /^ b IS о A A 


7800 6800 
20,800 17,000 
31,300 25,600 47,000 38,400 
49,000 40,000 73,500 60,000 1 42,400 


59,200 48,400 88,900 72,500 51,300 
82,600 67,400 123,900 101,200 71,500 


125,000 102,200 187,800 153,400 108,400 
3800 4000 


6100 9100 
8100 12,600 
12,400 18,700 
21,200 31,800 
32,000 47,900 


35,300 91,700 74,900 
42,700 110,900 90,600 


Grade 


* in Ib 
tinn. 
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Rated Loads* for Web Slings : а 


Bridle or Basket 


Type V 


Class Plies Widtht 


Vertical 


Chokor 


МЛ 


45 


30 
os 


Endiess 


20,400 


17,700 


8200 


10,200 


16,400 


20,400 


ЕНЕ i 
N 


I 


24,600 


21,300 
2800 


4700 


5400 


2300 


4000 3300 


3800 
4400 


12,300 
1600 


24,600 


2300 


2700 


12,400 


14,700 


17,600 


29,400 
35,200 


8100 
10,700 


6600 


8800 


3200 


13,500 


11,000 


16,100 13,200 


20,400 
25,500 


16,700 
20,800 


9400 
12,400 


15,600 


11,800 


14,700 


18,600 


23,600 


29,400 


30,500 24,900 17,600 35,200 


5400 


4400 


E 
© 
> 


8100 


6600 


12,400 


9400 


7600 


10,700 8800 


19,100 


12,400 


23,700 


Re 


56,800 


28,600 
39,300 


68,200 


49,200 
59,100 


6200 
8800 
11,000 
13,700 


12,400 
17,600 
22,000 
27,400 


16,500 


33,000 


32,100 22,700 45,400 


48,200 


28,400 


56,800 


34,100 
5500 


11,000 


' in Ib Tin in 


51,000 


35,300 


16,400 
20,400 


61,200 


44,200 
53,000 


43,300 


25,500 


68,200 
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Rated Loads* for Roundslings k 


Vertical Choker Vertical 


Size Color Code О U 


Purple 2 | 2100 i 5200 4500 3700 
Green | қ 4200 10,600 9200 7500 5300 
fetten Е 6700 ў 14,500 11,900 8400 
10 600 8500 7 21,200 18.400 | 15,000 10,600 
14.200 10.600 26,400 22900 18700: 13,200 
16 800 13.400 . 33.600 29,100 23,800 16,800 
21 200 17,000 42,400 36700 _ 30,000 21,200 
25, 000 20,000 50.000 | 43,300 35,400 25,000 
41 000 24,800 62,000 53.700 _ 43,800 31,000 
40 060 32.000 80,000 69,300 56,600 40,000 
5% 000 | 42407 106,000 91800 | 74,900 53,000 
Orange бе, 000 52,800 132.000 114,300 93,000 66.000 
Orange 90 000 72.000 ' 180,000 155,900 127,300 90.000 


"in Ib 


Breaking Strengths* of Selected Wire Ro 


Extra- 

Improved Plow Steel Improved 

Diameter! Plow Steel 
Fiber Core WAC IWRC' 
i | 6640 
10.280 


14,720 


17,340 19,900 
22.400 26,000 
28200 | 32,800 
35,000 40,200 
50,000 | i 
62 HOO 67.400 77,600 


—ÀÀ—À— == 


81 600 87,600 100,800 


* in Ib, for uncoated, general purpose, rotation-resistant 6 х 19 (class 2) or 
6 x 37 (class 3) wire rope 
— 

* independent wire rope core 
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Breaking Strengths* of Selected Fiber Ropes 


Manila Polypropylene Polyester Nylon 


Diameter! 3-Strand 3-Strand 3-Strand Double 8-Strand 3-Strand Double 8-Strand 
Twisted Twisted Twisted Braided Plaited Twisted Braided Plaited 
720 = = 
1130 2000 1500 
1710 3100 2500 
4500 3700 


Electric Hoist Inspection Checklists 


Semi- 
annually 


ПС ООО ЕЕЕ ЛЕН БЕНЕН ОИ 


Safety devices v 


Deficiencies 


Maladjustment interfering with proper operation, 
excessive component wear 
Improper operation 


Malfunction 


item Daily Monthly 


All functional operating mechanisms 


Deformation, chemical damage, 15% in excess 
of normal throat opening, 10% twist from plane of 
unbent hook, cracks 


Load-bearing components (except rope 
or chain) 


Damage (especially if hook is twisted or 
pulling open) 


Wear, twist, distortion, improper dead-ending, 
deposits of foreign material, broken wires 


Load-bearing rope 


Wear, twist, distortion, improper dead-ending, 
deposits of foreign material 


Not tight 
Cracks, excessive wear 


Load-bearing chain 


Fasteners 


Drums, pulleys, sprockets 


Pins, bearings, shafts, gears, rollers, 
locking and clamping devices 


Cracks, excessive wear, distortion, corrosion 


Brakes Excessive wear, drift 


Electrical Pitting, loose wires 


Contactors, limit switches, pushbutton 
stations 


Deterioration, contact wear, loose wires 


Hook retaining members (collars, nuts) Not tight or secure 
and pins, welds, or rivets securing them 


Supporting structure or trolley Continued ability to support imposed loads 
Warning label Removed ог illegible 
Pushbutton markings Removed or illegible 


Removed or illegible 


GLOSSARY 


A 


air caster: A pneumatic device that is placed under a 
load to allow horizontal movement of the load. 

alloy: A metal formulated from the combination of two 
or more elements. 

angle of loading: See sling angle. 

anti-two-block device: A safety device mounted close 
to the fixed end of a crane’s hoisting line that either 
sounds an alarm or immediately stops the crane and 
hoist if it is touched by the hoist hook assembly. 

audible signal: A signal! given by a signalperson with 
a sound-making device indicating a desired crane 
movement to a crane operator. 


basket hitch: A sling hitch in which a sling is passed 
under a load, and both ends of the sling are connected 
to a hoist hook. 

beam clamp: A fixed device for attaching a hoist to the 
bottom of a beam at a single location. 

becket: An attachment point, usually on а block, for the 
dead end of a hoisting rope. 

bend: А category of knots that are used to tie the ends 
of two ropes together. 

bending efficiency: The ratio of the strength of a bent 
rope to its nominal strength rating. 

bend ratio: The ratio of the diameter of a bend to the 
nominal diameter of the rope. 

bevel gear drive: A pair of gears that mesh at an angle, 
usually 90°. 

bight: A loose or slack part of a rope between two ends. 

bird caging: A type of damage to wire rope where the 
outer strands separate and open. 

block: An assembly of one or more sheaves in a frame. 

block and tackle: A combination of sheaves and ropes 
used to improve lifting efficiency. 
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block loading: The total amount of static force expe- 
rienced by a block while in a certain arrangement. 

boom: A long beam that projects from the main part of 
a crane in order to extend the reach of the hoist. 

boom angle: The angle between the horizontal plane 
and the boom. 

boom deflection: The bending down of a boom due to 
the weight of a load. 

braiding: The weaving of three or more untwisted 
strands into a rope. 

breaking strength: The tension at which a material is 
expected to break. 

bridge crane: See overhead crane. 

bridle hitch: A sling hitch in which two or more slings 
share a common end fitting that is used as a lifting 
point. 

bridle sling: An assembly of two or more sling legs, 
each with an end gathered together at a common end 
fitting. 
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cab: А compartment or platform attached to а crane оп 
which an operator rides. 

cabling: A rope’s tendency to rotate and untwist when 
under load. 

capsizing: The tendency of a knot under load to change 
form, often in an adverse way. 

cantilever: A projecting structure supported at only 
one end. 

center of gravity (CG): A point in space at which an 
object’s mass is considered to be concentrated. Also 
known as center of mass. 

center of mass: See center of gravity (CG). 

chain: A series of connected metal links. 

choke angle: The angle formed at the choke between 
the vertical part of the sling and the part of the sling 
surrounding the load. 
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choker hitch: A sling hitch in which one end of a sling 
is wrapped under or around a load, passed through the 
eye at the other end of the sling, and then connected 
to a hoist hook. 


choker hook: A sliding hook used to form a choker 
sling when hooked to a sling eye. 

climbing tower crane: A tower crane that is secured 
to the frame of a high-rise structure being erected and 
can be periodically raised as new floor levels are added 
to the structure. 

code: A collection of regulations related to a particular 
trade or environment. 


competent person: According to OSHA, “one who is 
capable of identifying existing and predictable hazards 
in the surroundings or working conditions which are 
unsanitary, hazardous, or dangerous to employees, 
and who has authorization to take prompt corrective 
measures to eliminate them.” 

core: A strand of metal wire or fiber that forms the 
center of a wire rope. 

corrosion: The disintegration of a material due to 
chemical reaction with its environment. 

cosecant: A trigonometric function equal to the ratio 
between the hypotenuse and the opposite legs of a 
right triangle. 

counterweight: A block of dense material attached to 
one end of a structure in order to offset the moment 
force of the weight attached to the other end of the 
structure. 

crane: A combination of a hoist and a structure used to 
support and move a load. 

crane block: A block used in the hook assembly of a 
crane. Also known as a hook block. 

cribbing: Blocking used to temporarily support a load 
while at rest. 

crossover: The single turn of rope at the end of one 
drum wrap in which the rope winds over the previous 
wrap to begin a new wrap. 
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dead end: The loose end of a rope. 

design factor: See safety factor. 

dolly: A wheeled platform, sometimes with a handle, that 
is placed under a load to allow horizontal movement. 

dressing: The adjustment of a knot as it is tightened for 
a clean look and tight arrangement. 


drift: The tendency of a load to continue moving after 
the crane has stopped. 

drum: A cylinder on the output of a hoist which winds 
and unwinds rope. 

dynamometer: A device that measures linear force by 
measuring the rotational force (torque) that it induces 
on the load cell's sensor. 
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electric hoist: A power-operated hoist that includes an 
electric motor to provide an input torque to a gear drive. 

endless sling: A sling formed by attaching the ends of 
a sling body together to form a continuous loop. Also 
known as a grommet sling. 

end truck: A roller assembly consisting of a frame, 
wheels, and bearings. 

eye-and-eye sling: A sling in which loops are formed at 
each end of the sling body by doubling over the mate- 
rial and securing it by sewing, weaving, or utilizing a 
compression fitting. 

eyebolt: A bolt with a looped head that is fastened to a 
load to provide a lift point. 

eyenut: A loop-shaped nut that is fastened to a load to 
provide a lift point. 
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fabrication efficiency: The ratio of the tensile strength 
of a webbing material to the tensile strength of the web 
sling into which it is fabricated. 

fall block: See traveling block. 

fall zone: An area where partially or completely sus- 
pended materials might land if they become loose from 
a load or if the rigging or crane fails. 

forklift: A vehicle with hydraulically operated forks 
used to lift and transport loads. 

foundry hook: A hook with a wide, deep throat that fits 
the handles of molds or casting. 

fracture: A crack in metal caused by the stress and 
fatigue of repeated pulling or bending forces. 

freestanding tower crane: A tower crane that is se- 
cured to a concrete foundation next to a structure 
being erected. 

frequent inspection: A rigging equipment inspection per- 
formed at the beginning of each workday or shift by the 
user of the equipment, or by another designated person. 
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gantry crane: Ап industrial crane composed of a hoist 
trolley that travels along a horizontal bridge beam 
supported by a leg assembly. 

gate block: See snatch block. 

gin wheel: See well wheel. 

grab hook: A hook that can engage and securely hold 
a chain link. 


grommet sling: See endless sling. 
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hand-chain hoist: A manually operated hoist that uses 
the rotation of a continuous loop hand chain to provide 
an input torque to a gear drive. 

hand signal: A visual signal given by a signalperson 
using their hands indicating a desired crane movement 
to a crane operator. 

headroom: The distance from the cup of a hoist’s top 
hook to the cup of the hoist hook when it 1$ at its up- 
per limit of travel. 

hitch: The binding of rope to another object, often 
temporarily. 

hoist: A mechanical device used to provide lifting force 
on lead lines. 

hoist hook: A hook with a rounded shape that is suitable 
for most rigging and lifting applications. 

hoisting: The transportation of a load by a crane or hoist. 
Also known as lifting. 

hook: A curved implement used for quickly and tempo- 
rarily connecting rigging to loads or lifting equipment. 

hook block: See crane block. 

hook drift: The continued travel of a hoist hook caused 
by insufficient motor braking. 

horizontal angle: See sling angle. 

hydraulic hoist: See hydrostatic hoist. 

hydrostatic hoist: A power-operated hoist that uses the 
high pressure of hydraulic fluid to provide an input 
torque to a gear drive. Also known as a hydraulic hoist. 


industrial crane: An indoor crane with permanent 
structural beam supports. 
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initial inspection: A rigging equipment inspection 
performed before the equipment is placed into service 
in which a designated person ensures that the equip- 
ment meets the applicable government regulations and 
industry standards. 
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jib crane: An industrial crane composed of a hoist 
trolley that travels along a horizontal boom, which is 
supported by a single structural leg. 


Johnson bar: See lever dolly. 
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kinking: A sharp bend that permanently deforms the 
lay of rope strands. 

knot: The interlacing of a part of a rope to itself, which 
is then drawn tight. 

knot efficiency: The ratio of the strength of a knotted 
rope to its nominal strength rating. 
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lacing: A type of reeving in which a rope starts on one 
side of the blocks and passes to the other side one 
sheave at a time. 

lang-lay rope: Rope in which the wires and strands are 
twisted in the same direction. 

latch: A load-operated jaw, rotating gate, or spring- 
loaded clip that closes off the opening of a hook. 

lattice-boom crane: А mobile crane with a boom 
constructed from one or more sections of thin steel 
eridwork. 

lay: 1. A designation for the direction in which rope 
strands are twisted, described as if spiraling away 
from the observer. 2. The length of rope in which a 
strand makes one complete spiral wrap or braiding/ 
plaiting pattern. 

lead line: The part of a rope to which force is applied 
to hold or move a load. 

left-hand lay rope: Rope with strands that spiral to the 
left (counterclockwise). 

lever dolly: A pry bar with wheels that is used to raise a 
load slightly or reposition a barely hoisted load. Also 
known as a Johnson bar. 
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lever-operated hoist: A manually operated hoist that 
uses the movement of a lever to provide an input torque 
to a gear drive. 

lift: 1. One complete set of hoisting actions performed 
by workers who transport a load from a starting point 
to a destination. 2. The distance between а hoist hook’s 
upper and lower limits of travel. 

lifting: See hoisting. 

lifting beam: A bar, beam, or tube used to change the 
direction of rigging forces at the load from angled to 
vertical. Also known as a spreader beam. 

lift plan: An evaluation of the potential hazards of a lift 
and the equipment and procedures required to safely 
execute the lift. 

limit switch: A switch that activates when a moving 
component reaches the normal end of its range of travel. 

link: A plain, rigid loop attached to the end of a sling 
or hung on a crane hook that helps connect multiple 
rigging components together. 

live end: The load-lifting end of a rope. 

load: An object that must be transported via hoisting. 

load cell: A device that measures linear force with an 
electrical transducer. 

load path: The path a load must take from its starting point 
to its destination and includes every point in between. 

load radius: The horizontal distance from the pivot 
point of a crane to a point below the hoist hook. 

load rating: See rated load. 

load triangle: The right triangle formed by an angled 
sling and the horizontal and vertical forces acting on 
the sling. 

loop: The folding or doubling of a line to create an 
opening through which another line may pass. 

loop eye: A length of webbing folded back and spliced 
to the sling body, forming a closed loop. 
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machinery lift: A two-wheeled dolly with swivel cast- 
ers and a hydraulic lift, which is placed at the edge 
of a load. 

manually operated hoist: A hoist that requires a manual 
force to provide an input torque. 

mechanical advantage: The ratio of the output force from 
a machine to the input force applied to the machine. 


mobile crane: A crane that can be moved within and 
between job sites. 

moment: The tendency of a force to rotate an object 
around a point. 
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nip: A pressure point created when a rope crosses over 
itself after a turn around an object. 

nominal value: A specified value that may vary slightly 
from the actual value. 
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outrigger: А structure that extends ош from the plat- 
form of a mobile crane and contacts the ground with 
a large pad. 

overhead crane: An industrial crane composed of a 
hoist trolley that travels along a horizontal bridge 
beam, which travels along a pair of overhead runways. 
Also known as a bridge crane. 
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pallet: An open structure, typically made of wood, 
that supports a load and provides openings for lifting 
equipment to be easily placed under the load. 

pallet jack: A dolly consisting of two forks that are 
hydraulically lifted above a set of wheels. 

part: A rope length between a dead end and block or 
between two blocks. 

pendant: A control unit that hangs down from the hoists 
of smaller industrial cranes. 

periodic inspection: A thorough rigging equipment 
inspection performed at regular intervals. 

pinch bar: See pry bar. 

plaiting: The weaving of four pairs of alternately twisted 
strands into a rope. 

pneumatic hoist: A power-operated hoist that uses an 
air motor to provide an input torque to a gear drive. 

pocket wheel: A sprocket-like wheel with chain-link 
pockets. 

power-operated hoist: A hoist that includes a power 
source and is controlled by an operator. 

preformed rope: Wire rope in which the strands are per- 
manently formed into a helical shape during fabrication. 


proof test: А nondestructive test in which a sling is 
subjected to a tension force greater than its rated load 
but less than its breaking strength. 

pry bar: A forged steel bar with an angled and flattened 
end that is pushed under the edge of a load in order to 
lift the load slightly. Also known as a pinch bar. 

pulley: See sheave. 
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qualified person: According to OSHA, “one who, by 
possession of a recognized degree, certificate, or pro- 
fessional standing, or who by extensive knowledge, 
training, and experience, has successfully demon- 
strated his ability to solve or resolve problems relating 
to the subject matter, the work, or the project.” 
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ratchet: A mechanism in which a toothed wheel is pre- 
vented from rotating backward by engagement with a 
spring-loaded pawl. 

rated capacity: 1. The maximum tension that a crane 
or hoist may be subjected to while maintaining the 
appropriate margin of safety. 2. See rated load. 

rated load: The maximum tension that a rigging com- 
ponent may be subjected to while maintaining an ap- 
propriate margin of safety. Also known as load rating, 
rated capacity, or working load limit. 

reach: 1. The distance from the inside of a sling's upper 
end fitting to the inside of its lower end fitting. 2. The 
distance between the cup of the top hook and the cup 
of the hoist hook when it is at its lower limit of travel. 

reeving: The threading of a rope through an opening 
or around a sheave. 

regular-lay rope: Rope in which the wires in the strands 
are twisted in the opposite direction of the lay of the 
strands. 

regulation: A rule made mandatory by a federal, state, 
or local government. 

rigging: The assembly of components that connect a 
load to the lifting hook of a crane or hoist. 

rigging dolly: A heavy-duty dolly, often with rollers, 
used to move large loads. 

rigging hardware: The category of components used 
to connect loads to slings, slings to slings, and slings 
to hoist hooks. 
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right-hand lay rope: Rope with strands that spiral to 
the right (clockwise). 

rope: A length of fibers or thin wires that are twisted 
or braided together to form a strong and flexible line. 

roundsling: An endless (continuous loop) sling made 
from a bundle of unwoven synthetic fiber yarns en- 
closed in a protective cover of synthetic fiber. 

runway: A rail-and-beam combination that allows for 
the movement of end trucks. 
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safety factor: The ratio of a component’s breaking 
strength to its rated load. Also known as design factor. 

seizing: The wire wrapping that binds the end of a wire 
rope near where it is cut. 

selvedge: An edge treatment on woven material that 
helps prevent unraveling. 

shackle: A U-shaped metal connector with holes drilled 
into the ends for receiving a removable pin or bolt. 


sheave: A wheel with a concave edge for supporting a 
moving rope that is changing direction. Also known 
as a pulley. 

shock loading: The abrupt application of force to an 
object. 

side loading: The application of a horizontal force on a 
boom due to the hoisting of a load that is not directly 
underneath the hoist hook. 

signalperson: A worker who is specially trained to pro- 
vide clear and standardized signals to a crane operator 
in order to guide the movement of a load during a lift. 

skip reeving: А method of reeving in which the rope 
starts at a center sheave and passes from one side of the 
blocks to the other before being attached to a becket. 

sling: A flexible length of load-bearing material that is 
used to rig a load. 

sling angle: The acute angle between horizontal and 
the sling leg. Also known as angle of loading or hori- 
zontal angle. 

sling hitch: An arrangement of one or more slings for 
connecting а load to а hoist hook. 

slip clutch: A spring-loaded, friction-held mechanism 
that remains engaged until torque reaches a certain 
limit, at which point the clutch slips. 

snatch block: A block with side plates that can be 
opened, allowing it to be added to a hoisting line 
without access to the end of the line. Also known as 
a gate block. 
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socket: A fitting attached to the end of wire rope to 
provide a means for making strong connections. 

softener: A relatively soft material used between loads 
and rigging in order to limit damaging contact. 


sorting hook: A hook with a straight, tapered tip that 
can be used to directly hold plates, cylinders, and other 
shapes that allow full engagement. 


spelter socket: A socket that uses molten zinc or resin 
to secure the end of a wire rope inside the socket. 


splice: 1. An overlap of webbing material that is sewn 
together. 2. The unlaying and then reweaving together 
of two portions of rope in order to form a permanent 
connection. 


spreader beam: See lifting beam. 

spur gear drive: A pair of meshing gears with parallel 
axes. 

square reeving: A method of reeving in which a rope 
passes between sheaves at right angles to each other, 
which makes the rope change direction at each sheave. 

standard: A collection of voluntary rules developed 
through consensus and related to a particular trade, 
industry, or environment. 

standing block: The upper block in a block-and-tackle 
configuration and is usually attached to a fixed object 
or structure. 

standing end: The end of a standing part. 

standing part: The portion of a rope that is unaltered or 
not involved in making a knot, hitch, or bend. 

static force: A constant force applied to an object that 
is only sufficient to keep the object in place. 

stopper knot: A category of knots that are used to pre- 
vent the ends of ropes from slipping through openings 
or other knots. 

strand: A bundle of wires twisted spirally around an 
axis. 

swaged sleeve: A compression fitting that is crimped 
onto the two portions of wire rope that meet at the 
base of an eye loop. 

swage socket: A socket that is compressed onto the end 
of a wire rope. 

swaging: A mechanical process of forming a metal into 
a certain shape, usually at ambient temperatures. 

swivel hoist ring: A freely rotating attachment that is 
fastened to a load to provide a lift point. 

symmetry: The characteristic of one side of an object 
mirroring its opposite side. 
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tackle: The combination of ropes and accessories used 
with blocks to gain mechanical advantage for lifting. 

tackle block: A block used with natural or synthetic 
fiber ropes, primarily for manual hoisting operations. 

tag line: A rope, handled by a qualified individual, used 
to control rotational movement of a load during a lift. 

telescoping-boom crane: A mobile crane with an ex- 
tendable boom composed of nested sections. 

termination efficiency: The ratio of the rated load of a 
wire rope sling to the rated load of the unterminated 
wire rope. 

thimble: A curved piece of metal that supports a loop 
of rope and protects it from sharp bends and abrasion. 

torque: Rotational force. 

tower crane: A fixed crane consisting of a high, vertical 
mast tower topped by a horizontal jib. 


traveling block: The lower moveable block in a block- 
and-tackle configuration and is attached to the load, 
usually via a hook. Also known as а fall block. 


trolley: A wheeled assembly that travels horizontally 
along a crane beam or boom. 


turnback: The portion of the end of a rope that is folded 
back on itself. 


turnbuckle: An adjustable-length attachment used for 
connecting other rigging components. 


two blocking: A condition where a device on the hoist- 
ing line, such as a block or overhaul ball, is drawn up 
against the sheave at the end of a boom. 
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unlaying: The untwisting of a rope's strands. 
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vertical hitch: A sling hitch in which one end of a sling 
connects to a hoist hook, and the other end connects 
to a load. 


voice signal: A signal given vocally by a signalperson in- 
dicating a desired crane movement to a crane operator. 
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wear pad: A leather or webbed pad used to cover the 
body of a web sling in order to protect it from damage. 


webbing: Flat, narrow strapping woven from yarns of 
strong synthetic fibers. 

web sling: A flat rigging sling made from synthetic 
webbing material. 

wedge socket: A socket that holds a loop of wire rope 
securely with a wedge that is tightened by tension on 
the rope. 

well wheel: A very simple block that is not much more 
than a large sheave in a lightweight frame. Also known 
as a gin wheel. 

whipping: The wrapping of twine that binds the end of 
a fiber rope near where it is cut. 

wireless control box: A contro] unit connected wire- 
lessly to a crane or hoist. 
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wire rope block: A block used with powered hoists 
where severe conditions of service are not expected. 

working end: The end of a working part. 

working load limit: See rated load. 

working part: The portion of a rope involved in making 
a knot. hitch. or bend. 

worm gear drive: А pair of gears consisting of a 
spiral-threaded worm (drive gear) and a worm wheel 
(driven gear). 
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yarn: A continuous line of fibers twisted together. 
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Page numbers in italic refer to figures. 


A 


air casters, 42, 43 

alloys, 116-117 

American Society of Mechanical Engineers (ASME) stan- 
dards, 9 

anti-two-block devices, 27, 28 

area, 64, 64-65 

arena/trade show rigging, 5—6, 6 

ASME (American Society of Mechanical Engineers) stan- 
dards, 9 

asymmetrical ngging, 73, 73-74 

attachments. See rigging hardware 

audible signals, 58 


back splices, 170, 171, 172 

balance procedure, 67, 67 

basket hitches, 81—82, 82, 83, 83-84, 84 
beam clamps, 113 

beckets, 177 

bending efficiency, /40, 140-141 
bend ratio, 140 

bends, 156, 161-162, 162, 163 
bevel gear drives, 797, 191 

bights, 157, 157 

bird caging, 146, 146 

block and tackle, 176-177, 176-181 
block loading, 183-185, 185 
blocks, 176, 176, 177 

bolt-type shackles, 104, 705 

boom, 15 

boom angles, 22 

boom deflection, 26, 26 

bowline knots, /59, 159 

braiding, 151—152, 152 

braking systems, /96, 196, 798 
breaking strength, 10, 80 

bridle hitches, 81, 82, 86, 86-87, 87, 88 
bridle slings, 86-87, 87 

broken rope wires, 145, 746 
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C 
cabling, 137 
cabs, 20, 20 


cantilevers, 16 
capsizing, 156 
cat's paw hitches, 768, 168 
center of gravity (CG), 66, 66—72 
center of mass. See center of gravity (CG) 
certifications, 10-11 
chain elongation, 727, 121 
chain grade markings, 119, 720 
chain inspection, 120-121 
chains, 116, 116-117, 117, 118 
chain slings, 118—120, 779 
chain wear, 727 
choke angles, 85, 85 
choker hitches, 81-82, 82, 84-86, 85, 86 
choker hooks, /02 
circumference, 64 
cleaning equipment, 96 
climbing tower cranes, 19 
clove hitches, 163-164, 164 
codes, 8 
coiling rope, 98 
competent persons, 10 
construction hoisting, 4, 4 
convention rigging. See arena/trade show rigging 
cores, wire rope, 736, 136, 138 
corroded wire rope, 145, 146 
corrosion, 141 
cosecant, 90 
counterweights, 23, 23-24 
cow hitches, 767, 167 
crane blocks, 176 
crane clearances, 36, 36 
crane dynamics, 21—29 
boom deflection, 26, 26 
drift; 27,28 
horizontal movements, 24-26, 25 
power line clearances, 28-29, 29 
rated capacities, 21, 21—24, 22, 23, 24, 25 
side loading, 26-27, 27 
two blocking, 27, 28 
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crane inspection, 29-31 

crane levelness, 26, 27 

crane lifts, 20, 20-21 

crane operation, 19-21, 20 

crane signaling, 2/, 21 

crane types, 14-19 

Crawler Crane Travel, Both Tracks signals, 56, 56, 56-57 
Crawler Crane Travel, One Track signals, 57, 57 
cribbing, 39, 39 

crossovers, 194, 194 

crushed wire rope, /46, 146 


damaged equipment, 95, 96 
dead ends, 142 

density of materials, 63 
diameter of rope, 139 

Dog Everything signal, 57 
dollies, 47, 41, 43, 44 
double sheet bends. 162. 163 
dressing, 154 

ал 27. 28 

drums, /94, 194 

dry runs. See prelift checks 
dynamometers, 67, 68 


electric hoists, 192-193, 793 

electric Johnson bars. See lever dollies 
Emergency Stop signal, 50 

end fittings, 79, 79 

endless slings, 79, 79 

end trucks, 14 

entertainment rigging. See arena/trade show rigging 
equipment, 94-99 

equipment safety, 7 

exam preparation, 11 

Extend Telescoping Boom signals, 54, 54, 55, 55 
eye-and-eye slings, 78, 79 

eyebolts, 706, 106-108, 107 

eye loops, 172 

eyenuts, 108, 109 

eyes, 726, 126, 129, 130 

EME ere eres WIZ, 125 

eye terminations, /42, 142-144 
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fabrication efficiency, 127 

FACE (Fatality Assessment and Control Evaluation) pro- 
gram, 7-8,4 

fall blocks. 176 


fall zones, 36, 37 
Fatality Assessment and Control Evaluation (FACE) pro- 
gram, 7-8,8 
fiber rope, 150-172 
bending, 140 
braiding, 151-152, 152 
construction, /51, 151-152 
damage, 155 
dressing, 154 
exposure, 141 
inspecting, 155, 155-156 
E MO, OZ, 151 
plaiting, 152, 152 
splicing, 168-172, 169, 170, 171, 173 
strength, 152-154, 153 
twisting, /5/, 151 
unlaying, 168 
whipping, /54, 154-156, 155 
fibers, 150), /5/ 
figure eight knots, 160-161, /6/ 
figure eight loops, /6/, 161 
filler wire rope strands, 137, 137 
Flemish loops. See figure eight loops 
floor rails, 14 
force-measuring devices, 68 
forces, 179-180 
forged eyebolts, 107 
forklifts, 44, 44 
foundry hooks, /02 
fractures, 120 
freestanding tower cranes, 19 
frequent inspection, 94, 94 
friction, 179, 179-180, 180 
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gantry cranes, 74, 14 

gate blocks. See snatch blocks 
gear drives, 190-191, 791 

gin wheels. See well wheels 

grab hooks, 702 

grommet slings. See endless slings 
ground conditions, 36 

ground personnel, 27, 21 


half hitches, 162-163, 163, 166-167, 167 
hand-chain hoists, /9/, 191-192 
hand signals, 49-57 
Crawler Crane Travel, Both Tracks, 56, 56, 56-57 
Crawler Crane Travel, One Track, 57, 57 
Dog Everything, 50, 50 
Emergency Stop, 50, 50 
Extend Telescoping Boom, 54, 54, 55 


Hoist, 51,51 
Lower 52, 52 
Lower Boom, 53, 53 
Lower the Boom and Raise the Load, 53-54, 54 
Move Slowly, 51-52, 52 
Raise Boom, 52, 53 
Raise the Boom and Lower the Load. 53. 53 
Retract Telescoping Boom, 54, 55 
Stop, 49, 50 
Swing, 52, 52 
Travel/Tower Travel. 55. 56 
Trolley Travel, 56, 56 
Use Auxiliary Hoist, 57, 51 
Use Main Hoist, 50, 57 
hardware. See rigging hardware 
hardware storage, 99 
hazards of hoisting, 7 
headroom. /90. 190 
hitches, 156, 162-172 
cat's paw, /68, 168 
clove. 163-164. 164 
cow, 167, 167 
half. 162-163. 163. 166-167. 167 
marline. 158 
rolling, 164-165, /65 
spar, 165, 166 
trucker’s, 168. 769 
hoist hooks. /02. 102. 103 
hoisting, 4-9 
regulations, 8, 8-9 
safety, 6-8 
standards. 9 
types of, 4, 4-6, 5 
hoist inspection, 30-31, 197, 197-198, 198 
hoists, 790, 190-193 
hoist safety devices, 195-197 
Hoist signal, 5/ 
hoist trolley inspection, 30, 30 
hook blocks. See crane blocks 
hook drift. 198 
hooks, 702, 102-104, 103, 104 
horizontal movement, 24-26, 25 
hydraulic hoists. See hydrostatic hoists 
hydrostatic hoists, 192 


industrial cranes, 14-16 
industrial operations hoisting, 4-5, 5 
initial inspection, 94, 94 
inspection 
blocks, 185-186 
chains, /20, 120-121 
fiber rope, 155, 155-156 
hardware, 113 


Index 


hoists, /97, 197-198, 198 
rigging equipment, 94, 94-95 
synthetic slings, 131-133, 132, 133 
wire rope, 145-146 

inspection checklists, 95 

inspection types, 94, 94 


J 


jib cranes, 15, /7 
Johnson bars. See lever dollies 


K 


kinking, /46, 146 

kinks, 755, 156 

knot efficiency, /53, 153-154 

knots, 156. See also rope tying techniques 


L 


lacing, 181, 183 

lang-lay rope, 137 

latches, 103 

lattice-boom cranes, 17, 18, 19 
lay, 136; 152, 153 

lead lines, 177 

left-lay rope, 136 

lever dollies, 4/, 41 
lever-operated hoists, 792, 192 
L/H ratios, 89-90 

lift, 190, 190 

lifting beams, 7/2, 112 

lifting eyes. See eyebolts 

lifting forces, 179 

lifting using cranes, 20, 20-21 
lift planning, 7 

lift plans, 34, 35 

lift point procedure, 67-68, 69 
lifts, 34 

lift testing. See prelift checks 
limit switches, 195-196, 196, 198 
lineman’s loops, /60, 160 
links, 111,111 

live ends, 142 

load balance, 66-74 

load capacities. See rating terminology 
load cells, 67, 68 

load control, 39-40 

load paths, 36-37, 37 

load preparation, 37-39 

load radii, 22, 22-23, 23 

load ratings. See rated loads; rating terminology 
load securing equipment, 38, 38 
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load triangles, 89, 89 positioning component inspection, 30 
load weight, 62, 62-65, 63, 65 power line clearances, 28-29, 29 
loop eyes, 126, 126, 129, 130 power-operated hoists, 192-193 
loops, 757, 157 preformed rope, 142 
Lower Boom signal, 53 prelift checks, 45 
Lower signal, 52 preparing loads, 37—39 
Lower the Boom and Raise the Load signals, 53—54, 53-54 proof tests, 118 

pry bars, 41 
M 

Q a 
machinery eyebolts, 106, 707, 107 
machinery lifts, 43, 44 quadrants of operation, 24, 25 
maintenance hoisting, 5, 5 qualified persons, 10 
manually operated hoists, 191-192 
marline hitches, 158 R 
material handling equipment, 40, 40-44 
material weight, 63-05 Raise Boom signal, 52, 53 
measurements, 95 Raise the Boom and Lower the Load signal, 53, 53 
mechanical advantage, 178, 178 ratchets, 192 
mobile cranes, 16-19, 78 rated capacities, 21, 21-24, 22, 23, 24, 25 
moisture effects оп горе, 141 rated loads. 79-80 
moments, 21, 22, 70-72, 71 rating terminology, /0, 10 
Move Slowly signal, 51-52, 52 reach, 118. /90, 190 

recordkeeping, 96, 97 
N reef knots. See square knots 


reeving, 177, 181—183 

nameplates, 62 regular-lay rope, 136 
nips. 157, 157 regulations, 8 
попа аще 152 Retract Telescoping Boom signals, 54, 55 
nut eyebolts, 706, 108, 108 pecus exe, Wal dcs 
rigging dollies, 45, 43 
rigging equipment inspection, 94, 94 
rigging equipment storage and cleaning, 96—99 
rigging hardware, 102 

beam clamps, 113 

eyebolts, 706, 106-108, 107 

eyenuts, 108, 709 

hooks, /02, 102-104, 103, 104 

lifting beams, 7/2, 112 

links, //1,111 

shackles, 104-106, 105 


о 


obstructions, 37, 38, 48 

Occupational Safety and Health Administration (OSHA) 
standards, 8-9 

outriggers, 24, 24 

overhand knots, /58, 158 

overhead cranes, /5, 15, 16 


Р swivel hoist rings, 709, 109 
trolleys, //2, 112 

pallet jacks, 44, 44 turnbuckles, 109-110, 770, 111 

pallets, 44 rigging hardware inspection, 113 

parts, 177 rigging hitches, 162 

paths, 36-37, 37 rigging knots, 157-161 

pendants, 20, 20 rigging personnel, 20 

periodic inspection, 94, 94 rigging safety, 6-8 

personnel hoisting, 6 rigging specifications, 67 

personnel training for hoisting, 7 rigging symmetry, 72, 72-74 

plaiting, 752, 152 right-lay горе, 136, 136 

platform inspection, 30 roads, 36 

pneumatic hoists, /93, 193 rollers, 42, 42 


pocket wheels, 191 rolling hitches, 164-165, 165 


горе, 136. See also rope tying techniques 
bending, 140 
coils, 97. 98 
diameter of, 139 
exposure, 141 
fiber. See fiber rope 
lay, 136 
seizing, 142 
splices, 168-172, 169, 170, 171, 173 
storage. 97 
unlaying, 168 
wire. 136 
rope terminology, /57, 157 
rope tying techniques 
bowline knots. 759. 159 
cat's paw hitches, 768, 168 
clove hitches, 163—164. 164 
cow hitches. 767. 167 
double sheet bends. 162. 763 
figure eight knots, 160—161, 767 
half hitches. 162-163. 763. 166—167. 167 
lineman's loops. 760, 160 
marline hitches. 158 
overhand knots. /58. 158 
rolling hitches, 164—165, 765 
round turns. /66. 166-167. 167 
sheet bends, 161. 162 
spar hitches, 165, 766 
square knots, /58, 158-159 
stopper knots, 157-161 
trucker's hitches. 168. 169 
round-pin shackles, 104, 705 
roundslings, 129, 129-133, 130, 131 
round turns. /66. 166 
runways, 15 


5 


safety, 6-8 

safety factors, 80, 80 

safe working loads, 79-80. See also rating terminology 
screw-pin shackles, 104, /05 
Seale wire rope strands, /37, 138 
section CG procedure, 69-70, 70 
securing loads, 38, 38 

seizing, 142 

selvedges, 125, 125 

shackles, 86, 86, 87, 104-106, 105 
sheave friction, /79, 179-180, 180 
sheave gauges, /86, 186 

sheaves, 176 

sheave speeds, 181, 182 

sheet bends. 161, /62 

shock loading, 20 


Index 


shorteners, 720, 120 
short splices, 170, 777 
shoulder nut eyebolts, /06, 108, 709 
side loading, 26-27, 27 
signalpersons 2/, 21, 48, 48-49 
signals 

audible, 58 

hand. See hand signals 

voice, 57, 57-58 
simple hitches. See half hitches 
site evaluation, 35-36 
skip reeving, 753, 183 
sling angles, 88, 90, 90 
sling damage and inspection, 131-133, 132, 133 
sling eyes, 79, 79 
sling hitches, 81—87, 82 
siing load charts, 90—91, 97 
sling loads, 88, 88-91 
slings, 78, 78-81, 79, 81 
sling storage, 99, 99 
slings, wire rope, 141, 141-144 
slip clutches, /95, 195, 198 
snatch blocks. 176 
sockets. 144 
softeners, 39, 39 
sorting hooks, /02 
spar hitches, 165, 766 
specification sheets, 67 
spelter sockets, 144, 145 
splices, 126, 168-172, 169, 170, 171, 173 
spreader beams. See lifting beams 
spur gear drives, 190-191, 797 
square knots, /58, 158-159 
square reeving, 183, 784 
standards, 9 
standing blocks, 176 
standing ends, /57, 157 
standing parts, 157, 157 
static forces, 179 
stock material weight tables, 62-63, 63 
stopper knots, 157 
Stop signal, 49 
storage, 96—99, 99 
strand patterns, 137 
strands, 136 
surface area, 64, 64—65 
swaged sleeves, 143, 143 
swage sockets, /44, 144 
swaging, 143 
Swing signal, 52 
swivel hoist rings, 709, 109 
symmetrical rigging, 73, 73 
symmetry, 66, 72, 72-73 
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T 


tackle blocks. 176 
tackles. 177 
tag lines, 39, 40, 150, 150 
telescoping-boom cranes, 17, 18 
temperature effects on rope, 141 
termination efficiency, 141 
terminology 

rated loads. 80 

ratings, /0, 10 

NOES, 157. 157 
test lifts. See prelift checks 
theater rigging. See arena/trade show rigging 
thimbles, 143 
torque, 190 
tower cranes, /9, 19 
trade show/arena rigging, 5—6, 6 
travel distance, 180, /8/ 
traveling blocks, 176 
travel speeds, 181, 152 
Travel/Tower Travel signal, 55, 56 
trolley inspection, 30, 30 
trolleys, 14, 772, 112 
Trolley Travel signal, 56 
trucker's hitches, 168. 769 
turnbacks, 144 
turnbuckles, 109-110, 770. 111 
twine, 154 
two blocking, 27, 28 
two-way radio communication, 57, 57 


U 


U-bolt clips, 143-144, 144 

ultimate strength, 10. See rating terminology 
unlaying, 168 

Use Auxiliary Hoist signal, 5/ 

Use Main Hoist signal, 50, 57 


V 


vertical hitches, 81, 82, 82-83, 83 
voice signals, 57, 57—58 
volume, 64, 64—65 


W 


Warrington-Seale wire rope strands, 737, 138 
Warrington wire rope strands, 737, 138 

wear of wire rope, 146, 146 

wear pads, /26, 126 

webbing, /25, 125 

web slings, 125, 125-129, 126, 127, 128, 129 
wedge sockets, 144, /45 

weight capacities. See rating terminology 
weight distribution, 40, 40 

weight of loads, 62, 62-65, 63, 65 


weight ratings, 79-80. See also rating terminology 


well wheels, 176 
whipping, 154, 154-156, 155 
wind loads, 27 
wireless control boxes, 20 
wire rope, 136 
bending, 140 
construction, /36, 136-138 
core types, 138 
damage, 145-146, 146 
designations, 138 
diameter, 139 
exposure, 14] 
inspection, 145-146, 146 
lay, 136, 137 
metals used, 136 
seizing, /42, 142 
strand patterns, 737, 137-138 
strength, 139-141, 745 
wire rope blocks, 176 
wire rope clips. See U-bolt clips 
wire rope slings, /4/, 141-144 
working ends, 757, 157 


working load limits (WLLs), 79-80. See also rating 


terminology 
working parts, /57, 157 
worm gear drives, 190, 797 


Y 


yarn, 751, 151 
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Rigging, Hoisting, and Signaling Practices presents the physical principles of load handling, along with the 
considerations and practices critical to maintaining a controlled lift with the proper margin of safety. This 
textbook is applicable to a variety of tradesworkers in various construction, maintenance, and industrial 
settings. When used in conjunction with the appropriate hands-on training, this content provides a solid | 
foundation of safe material handling practices. This textbook covers the complete hoisting process, including 
planning a lift, evaluating and preparing a load, choosing the appropriate rigging equipment, rigging a load; 
communicating instructions, and conducting a lift safely. 


Rigging, Hoisting, and Signaling Practices includes a variety of digital resources as enhancements to the 
textbook content. These multimedia and interactive resources reinforce the learning process. Quick response 
(QR) codes and-associated website access codes at selected locations throughout the book are used to 
access these digital resources online. 


Quick Quizzes™ provide an interactive 
review of key topics covered in each chapter. 


The Illustrated Glossary defines terms 
ОМС, HO l Quick Quizzes ™ Е ; А А А 
IGNALING PRACTICE 4 | and includes links to selected illustrations 


Flash Cards provide a review tool for 
identifying important terms and definitions, 
common rigging hardware, crane motions, 
standard hand signals, and practical knots, 
hitches, and splices. 


Сгапе Hand Signaling Quiz 


Media Library 


The Crane Hand Signaling Quiz tests 
knowledge of the correct hand signal for 
the desired crane motion. 


The Media Library contains video and 
animation collections of the procedures 
for both proper crane signaling and the 
formation of important knots, hitches, 
and splices. 


Internet Resources provides access to 


Щи Quick Quizzes™ | additional technical content and a list of 
EEE | | Internet links to manufacturer, organiza- 
illustrated Glossary tional, governmental, and ATP resources. 


Flash Cards 


Crane Hand Signaling Quiz 


Media Library 


ISBN 978-0-8269-3651-6 
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